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ABSTRACT 

A system  has  been  developed  for  digital  computer  processing  of  psycho- 

physiological  data. It employs  oscilloscope  and  oscillograph  display,  analog 

magnetic  tape  storage, AID conversion,  digital  tape  storage  and  a  large  digital 

computer (IBM 7094). The  computing  programs  developed  select  all  points  of 

interest  and  compute  their  type,  time of occurence,  amplitude  and  curvature. 

A summary  program  computes  the  mean  and  standard  deviation  for  the  response 

parameters  of  amplitude,  slope,  curvature,  duration  and  interval  for  any  set 

of  epochs  selected  by  the  editor. A third  program  selects  pairs  of  points 

from  any  sets  of  variables  on  the  basis  of  minimizing  the  variance  in  lag  for 

the  set.  The  coincidence  coefficient  and  product  moment  correlations  are  com- 

puted  for  any  set  of  response  parameters  of  paired  points  chosen  by  the  editor. 

These  correlations  do  not  confound  coincidence,  amplitude  and  shape  of  responses 

as  does  the  classical  cross-correlation  function  and  are  therefore  more  suitable 

for  the  study of the  interdependence of biological  subsystems. 

Two substantive  studies  have  been  completed.  The  classical  conditioning 

of  autonomic  responses  in  schizophrenia  and  healthy  subjects  demonstrated  a 

marked  impairment  in  the  performance of autonomic  conditioning  by  schizophrenic 

patients. A pilot  study  of  non-schizophrenic low motivation  subjects  revealed 

a  disability  for  autonomic  conditioning  similar  to  that  found  in  chronic  schizo- 

phrenia.  These  findings  suggest  that  autonomic  conditioning  may  serve  as  an 

index  for  the  diagnosis  of  both  schizophrenia  and  low  motivation  and  permit  the 

speculation  that  a  low  aptitude  for  autonomic  learning  may  be  a  contributing 

factor  to  both  schizophrenia  and  low  social  motivation.  Finally  a  study  of 

physiological  concomitants  of  psychological  differentiation  suggests  that  the 
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degree  of  autonomic  response  differentiation  may  be  correlated  with  the 

cognitive  style  of  perceptual  discrimination. 

It  was  concluded  that  these  successful  demonstrations  of  the  diagnostic 

power of psychophysiological  data  and  those  of  digital  computer  analysis 

justify  further  study  and  development  of  this  approach. 

These  studies  are  of  value  to NASA and  the  science  of  human  motivation 

and  emotional  development by virtue  of  progressing  toward  more  accurate 

selection  and  rapid  training  of  personnel  for  high  stress  tasks. 
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SYSTEM AND PROCESS  DEVELOPMENT FOR SELECTION OF 

H I G H  STRESS  TOLERANCE  PERSONNEL 

By Albert F. Ax 

I. Purposes  of  the  Study. 

The pr imary  purposes   of   this   s tudy were to  develop a system for   p rocess ing  

psychophysiological   data   and  to   apply i t  to   the   t ask   o f   deve loping   ind ices   for  

the   d iagnos is   o f  human to l e rance   fo r  stress. It w a s  recognized   tha t   ap t i tudes  

for   learning  motives  and  emotional  control were primary  components  of stress 

to le rance .   In   o rder   to   conta in   the   scope   of   the   inves t iga t ion   wi th in   p rac t i -  

cab le  limits imposed by our   resources   only  the  psychophysiological   aspects  

of  motivation  and  learning were considered. 

The context  of t he   s tudy  has two s a l i e n t   f e a t u r e s .  The psychophysiology 

labora tory  a t  The La faye t t e   C l in i c  had j u s t  completed t h e  development  of a 

process ing   sys tem  for   psychophys io logica l   da ta   u t i l i z ing  and EPSCO data   logger  

cons i s t ing  of a 29 channel  multiplexor  and a 10 Kc A I D  conver te r  and a Hendix 

G15-D computer  with  special  programs  developed  for  the  purpose.  That  study 

demonstrared  the  approach  to be feas ib le   bu t   re la t ive ly   imprac t icable   because   o f  

t h e   l i m i t a t i o n s   i n   c a p a c i t y  and  speed of  the  computer. The o ther   favorable  

a s p e c t   o f   t h e   s i t u a t i o n  w a s  that   the   s ta te-of- the-ar t   of   the   psychophysiological  

methodology w a s  j u s t   app roach ing   t he   l eve l   t o   j u s t i fy   ma jo r   e f fo r t  toward 

massive  data  processing.  Biomedical  monitoring'was  being  used  with  pilots,  

a s t ronau t s  and in   hosp i t a l s .   Ac t ive   r e sea rch  w a s  under way i n   s e v e r a l   s c o r e  

labora tor ies   suppor ted  by f e d e r a l   a g e n c i e s ,   p r i v a t e   i n d u s t r y  and a t  medical 

schools  and hosp i t a l s .  The Society f o r  Psychophysiological  Research  had  been 

or.ganized two years   previously (1960) and t h e   j o u r n a l  PSYCHOPHYSIOLOGY w a s  

being  established.  Psychophysiology  thus  appeared  to  be  mature  enough  for 

marr iage   to  a high  speed  data  processing  system. 
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Psychophysiology is one of the approaches which seeks to explain the physiol- 

ogy of behavior.  It focuses on covert behavior available for measurement at the 

skin surface.  It utilizes electrodes and sensitive transducers to sense physiol- 

ogical processes in target organs of the autonomic and central nervous systems 

and of the endocrine systems. Its special advantages are: (1) that its methods 

can obtain quantitative, continuous measurements of vital processes whose changes 

are often too small or fleeting to observe clinically: (2) the measurements can 

be made without seriously disturbing  the processes being observed by intrusions 

such as implanted electrodes; and (3) the data obtained are already organized 

in terms of the  target  organs. 

Psychophysiology has  its special problems to overcome. (1) Each  target 

organ response may  be an end product of several influences, hence may  not  be a 

pure measure of any one. (2) This complexity of determination requires the 

simultaneous measurement of several variables so as to  "triangulate" on the 

processes of interest. (3) The multiple variable approach necessitates com- 

plex recording and  data processing equipment. 

The study of intact systems without subsystem isolation (often referred to 

as  "closed loop analysis")  is sometimes criticized as unproductive for the 

study of the human organism because  the  system  is so large and  complex,  the 

transfer functions so poorly  described  and  the number of available variables 

so small relative to  the complexity of the system that  the correct interpreta- 

tion of findings  may  be  impossible. In a sense  the description and prediction 

of human behavior is like describing and predicting the  weather--both are large, 

complex, open,  dynamic systems requiring multiple variable, closed  loop  analysis. 

More accurate prediction for  both require more variables, more observation 

points and more sophisticated data  processing than has so far  been  possible. 
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During  the  past 20 years  large  scale  computers  have  been  applied  to  weather  pre- 

diction  enabling  marked  advances  in  accuracy. We believe  similar  progress  can 

be  made  for  limited  areas  of  human  behavior  such  as  stress  tolerance,  motivation 

and  emotional  control. 

The  analogy  between  weather  and  behavior  should  not  be  pushed  too  far. 

There  are  many  obvious  differences.  One  important  difference is that  weather 

is  determined  largely  by  energy  transfer  whereas  behavior  is  controlled  chiefly 

by  the  transfer  of  information.  Hence  the  principles  of  information  theory 

rather  than  energy  transfer  functions  are  more  appropriate  for  the  study  of 

behavior of living  organisms.  Signal  recognition  and  signal  production  with 

multiple  level  feedback  interactions  are  characteristic  of  living  organisms. 

For  this  reason  the  experimental  design  and  the  data  processing  must  be  appro- 

priate  to  signal  manipulation  which  involve  sensory  thresholds,  adaptation  or 

learning,  reinforcement  or  motivation,  differentiation  and  generalization. 

We  have  discussed  this  psychophysiological  position  in  more  detail  elsewhere 

(Ax, 1964). An  appreciation  of  this  viewpoint  is  helpful  for  the  reader  to 

understand  certain  features  of  the  experimental  design,  the  data  processing, 

hardware  and  the  computer  programs,  as  well  as  our  interpretation of the  re- 

sults. 

One  limitation  which  psychophysiology  shares  with  all  science  (except  pos- 

sibly  astronomy) is the  "general  principle  of  uncertainty"  used  in  the  sense 

that  our  observations  influence  the  phenomena  under  observation.  The  attempt 

to  measure  simultaneously  as  many  variables  as  possible,  to  control  the  local 

environment  and  to  standardize  all  procedures  and  instructions  to  subjects,  etc. 

may  influence  the  subject's  behavior,  especially  his  natural  .emotrions,  to  such 
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an  extent  that  every  effort  to  increase  these  laudable  scientific  controls  is 

defeated by a "law  of  diminishing  return".  Good  psychophysiologic  technique 

strives to minimize  the  influence  of  the  observation  procedures  by  employing 

miniature  non-painful  sensors  and  by  creating a test  situation  as  natural  as 

possible.  The  use  of  telemetry  to  replace  the  umbilical  linkage  is  one 

further  step  that  is  being  taken  to  enable  psychophysiological  observation  on 

the  free  roaming  individual  while  pursuing  his  natural  activities.  This  next 

step  in  psychophysiological  methodology  adds a severe  burden  to  the  data  pro- 

cessing.  Much  more  noise  is  introduced  due  to  movement  artifacts  and  uncon- 

trolled  environmental  influences  as  well  as  the  degradation  of  the  signal  by  the 

radio  linkage.  The  problems  of  noise  elimination  and  pattern  recognition  pro- 

blems  for  machine  editing  has  been  discussed  previously  (Ax,  Andreski,  Courter, 

DiGiovanni,  Herman,  Lucas,  and  Orrick,  1964)and  later  in  this  report. 

Recording  may be carried  out  over  days  or  weeks  which  strains  both  the 

sensor  reliability  and  the  capacity  of  the  data  processing  system.  Sampling 

rates  and  programming  must  be  carefully  planned  to  minimize  the  computing 

time  and  cost  while  at  the  same  time  maximizing  information  obtained. 

Only  just  sufficient  redundancy  of  sampling  to  achieve  reliability  can 

be  tolerated. 

One  final  general  aspect of the  psychophysiological  approach  should  be 

mentioned  before  plunging  into  the  details of the  study.  Psychophysiology 

has  certain  characteristics,  advantages  and  disadvantages  as  compared  to  the 

classical  physiological  methods.  The  chief  advantage  is  its  ability  to  obtain 

information  about  physiological  system  status  and  process  without  damage  or 

discomfort  to  the  organism. A second  advantage  is  the  organization  of  the 

response  system  provided  by  the  end  organs.  The  vasoconstriction  response  at 

a finger  tip  is  often  much  easier  to  interpret  as a functional  response  relevant 
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to  the  organismic  intentions  than is the  neuronal  response  train  from  an  elec- 

trode  implanted  deep  in  the  brain.  Similarly,  the  current  activities  of  the 

brain  may  more  readily  and  understandably  be  described'by a pattern  of  end 

organ  responses  such  as  arterial  tonus,  muscle  tonus,  heart  rate,  heart  stroke 

force,  blood  pressures  and  palmar  sweating  than  it  can  from  the EEGs from 32 

electrodes  scattered  about  on  the  scalp.  The  "face  validity"  of  the EEG as 

a  prime  psychophysiological  measure  for  brain  activity has often  been  overvalued 

due  to  its  success  in  helping  to  locate  a  gross  physical  damage  of  the  brain. 

Actually  the  neurological  examination (a clinical  type  of  psychophysiological 

examination)  is  often  more  definitive  for  brain  malfunction.  Many  psycho- 

physiological  variables  other  than EEG are  excellent  indices  of  arousal  or 

motivational  state. EEG is  one  useful  physiological  measure  but  has  little 

special  value  simply  because  its  sensors  are  located  physically  closest  to 

brain  tissue. A. T.V.  repairman  does  not  diagnose  a  malfunction  by  scanning 

the  electric  field  strength  over  the  cabinet  of  the  T.V.;  rather  he  measures 

potentials  and  currents  in  logically  critical  circuit  points.  The  sensor 

and  effector  organs of the  body  are  logical  points  for  the  organism. No 

criticism  is  implied  of  the  excellent  studies  of  brain  structure  and  func- 

tions  by  direct  examination  of  brain  tissue  by  neurophysiologial  methods. 

It is  emphasized  that  total  organismic  processes  such  as  emotion,  motivation 

and  "stress  tolerance"  are  much  more  likely  to  be  monitorable  by  patterns  of 

end  organ  responses  than  by  scalp EEG. 
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11. METHODS 

A. Data Acquisi t ion System. 

Research  employing  continuous  recording  of  multiple  variables  requires 

high  speed  computing  for two reasons :   (1)   to   t ranscr ibe   the   necessar i ly   l a rge  

numbers o f   s amples   i n to   d ig i t a l   va lues  and (2) t o  compute the   mu l t ip l e   i n t e r -  

ac t ions  among the   var iab les   involved .  The t r a n s c r i p t i o n   a s p e c t   f o r  a s i n g l e  

one  hour  session  for  only 10 physiological   var iables   (not   including EEG) may 

r equ i r e  as many as 36,000 samples   to   descr ibe   the   var iab les .  An average 

study  of 5 se s s ions   pe r   sub jec t  and  100 s u b j e c t s  would produce 18,000,000 

values;   and many s tudies   might   requi re  more va r i ab le s ,  more recording per  

sub jec t ,   o r   f a s t e r   chang ing   va r i ab le s   ( such  as EEG) which  would g rea t ly   i n -  

crease the  amount of d a t a   t o  be t ranscr ibed  and  summarized. The computing 

aspect  merely  for means, var iances ,  t-tests, and c o r r e l a t i o n s  among the  

parameters   that   can  be  abstracted from a set of 10   phys io logica l   var iab les  

is q u i t e  a la rge   t ask   wi thout   the   a id  of a d i g i t a l  computer. When more 

soph i s t i ca t ed  statistics such as f ac to r   ana lys i s  and mul t ip le   regress ion  

are employed the  computing mul t ip l i e s  many fo ld .  Any method of  processing 

such  data  less powerful  than  the  digital   computer is  imprac t i cab le   fo r  

l a r g e   s c a l e   s t u d i e s   r e q u i r e d   f o r   e x p l o i t a t i o n  of the  psychosychophysiologic 

approach. 

A br i e f  preview of some of  the  problems  encountered  in  developing a high 

speed  syst-em for  processing  psychophysiologic  data may be  of i n t e r e s t .  Analog 

computing was considered and r e j ec t ed  as impracticable  because  an  analog com- 

pu te r   su f f i c i en t ly   l a rge   t o   hand le  a l l  var iab les   s imul taneous ly   in  real time 

would be  too  cost ly .   Analysis  of s i n g l e   v a r i a b l e s   o r   p a i r s   f o r   c o r r e l a t i o n  
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from  magnetic  tape  storage by a medium-sized analog  computer  would  probably  be 

p rac t i cab le   bu t  still  probably  slower  and  require a r m r e   c o s t l y   i n s t a l l a t i o n  

a l though  th i s   approach   might   have   been   compet i t ive   to   the   d ig i ta l   sys tem.  A 

f u r t h e r   r e a s o n   f o r   g o i n g   d i g i t a l  is that  automatic  computing by t h e   s t o r e d  

program d i g i t a l  computer is v e r y   e f f i c i e n t  and f l e x i b l e .  

Once t h e   s p e c i f i c   d i g i t a l  computer t o  be  used  had  been  ident i f ied  ( for  

us  an IBM 7094), then a l l  des ign   cha rac t e r i s t i c s  had t o   b e  made compatible 

with i t .  The d i g i t a l   t a p e   r e c o r d e r  must meet 7094 specs ;   the  AD converter  

must p roduce   t he   spec i f i ed   fo rma t ,   pack ing   dens i ty ,   pa r i ty   b i t ,  and o t h e r  

s p e c i f i c a t i o n s .  The ADC must have   su f f i c i en t   r e so lu t ion  which f o r  us w a s  

1 2   b i t s   ( 1   p a r t   i n  4096) to  cover  any  range  expected.  For  example i f   t h e  

pa lmar   sk in   res i s tance   has  a range  from 30,000 to   1 ,000,000 ohms and i f  a 

GSR as small as 200 ohms change is to   be   r e so lved   t he   fu l l  dynamic range 

o f   12   b i t s  is needed. The mult iplexor  must be  able   to   sample a t  a rate 

s u f f i c i e n t   t o   s a m p l e  a l l  v a r i a b l e s   s u f f i c i e n t l y   f a s t   t o   r e s o l v e   t h e  most 

rapid  changes  to  be  encountered. We judged  that   10 samples  pe r  minimum 

expected  period would be  adequate.  For a s e l e c t i o n  of 30 var i ab le s   o f  

varying rates of change we  chose  160  samples  per  second real time f o r  a l l  

30 var iab les   (10  at 10  per  second,  10 a t  5 per  second  and  10 a t  1 per  second).  

A mult iplexor   with 30 i n p u t s  w a s  chosen  with an eye to  expansion  but  exper- 

ience  has  shown t h a t   o t h e r   d i f f i c u l t i e s  and l i m i t a t i o n s  make i t  un l ike ly  

t h a t  more than   10   t o  15 variables  can  be  handled,  unless  groups of s u b j e c t s  

are s tudied  s imultaneously.  

On-line  analog  preprocessing  of most va r i ab le s   i n   va r ious   deg rees  is 

required.   Nearly a l l  v a r i a b l e s   r e q u i r e  some f i l t e r i n g .  Some v a r i a b l e s  

l i k e  EKG for   our   purposes   o f   ob ta in ing   hear t  rate r e q u i r e  a cardiotachometer 

t o   d e t e c t   t h e  t i m e  o f   the  QRS complex  and convert   the  t i m e  between  adjacent 
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QRS complexes i n t o  a vol tage  to be  presented  to   the ADC. The s t e p  change, 

square  wave aspect  of  cardiotachometer  data makes it d i f f i c u l t   t o   u s e .  Most 

sample-and-hold c i r c u i t s   d r i f t   s l i g h t l y  and in   oppos i te   d i rec t ions   depending  

on  whether  the  value is above o r  below z e r o   p o t e n t i a l ;   t h u s   t h e   h i g h   o r  low 

point   to   be  picked by t h e  computer  might  be e i t h e r  a t  the  beginning o r  end 

o f   t he   hea r t   cyc le  and  thus make ambiguous t h e  time of   the   po in t .  The solu-  

t i o n   t o   t h i s  problem  appears  to  be  to  produce a pulse  a t  t h e  time of t h e  QRS 

whose ampl i tude   represents   the   dura t ion   of   the  last HP and whose dura t ion  is 

grea te r   than   one  ADC sample  period  but less than two, thus   assur ing  a sample 

as e a r l y  as poss ib l e   a f t e r   t he   i n fo rma t ion  is avai lable   but   none a t  any o ther  

time. Between readings  the  cardiotachometer  would assume a va lue   o f f  scale 

enabl ing  the  computer   to   readi ly   ignore  those  valueless   samples .  

Other  problems  that must  be handled  for   automatic   data   processing  involve 

s o l u t i o n s   t o   t h e   n o i s e   o r   a r t i f a c t  problem  and  precise  calibration  through 

the   en t i re   sys tem  f rom  t ransducer   to   computer .   F i l te r ing   and  human e d i t i n g  

( d e s c r i b e d   i n   d e t a i l   i n   t h e   s o f t w a r e   s e c t i o n )   t a k e  care of t h e   a r t i f a c t  

problem.  Automatic  editing  seen as a problem  of  computer  pattern  recognition 

is considered a research  and  development  problem.  Practicable  total   system 

c a l i b r a t i o n   r e q u i r e s   e x c e l l e n t   s t a b i l i t y   o f  component systems  both as t o  

gain and  base  line. A pract icable   system must be   ab le   to   be   qu ick ly  

checked  and  adjusted by the  operator   and  not   require   an  engineer .   Final ly  

sho r t  term ins t ab i l i t y   shou ld   be   s e l f   check ing   poss ib ly  by supplying  frequent 

c a l i b r a t i o n   s i g n a l s   t o   t h e  computer  which  could  then  modify  the  output  con- 

vers ion   va lues  so as t o  make them cor rec t .  
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1. Overview. 

The  block  diagram of Figure 1 shows  the  plan  of  the  system. 
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Figure 1 

The  sensors  on  the  subject  and  the  preamplifiers  are  in  the  observation  room.  The 

rest of the  apparatus is in  the  adjacent  instrument  room.  During  a  recording 

session,  the  amplified  signals  are  displayed  on  an  8-channel  oscilloscope 

and  recorded  on  a  24-channel  oscillograph  and  on  a  14-channel  FM  magnetic 

tape  recorder. For computer  analysis  at  a  later  time,  the  signals  are  repro- 

duced  from  the  tape  recorder,  modified  by  signal  conditioning  circuitry,  re- 

recorded  on  the  oscillograph,  sampled  and  digitized  by  the  29-channel  analog- 

to-digital  converter (ADC) and  recorded  on  a  digital  magnetic  tape  in IBM 7094 

format. 

2.  Observation  Situation. 

The  subject  room  is 12x14~8 feet,  accoustically  insulated  and 
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temperature  controlled  to 25.5 5 0.2  C. Humidity  is  uncontrolled  but is 

recorded  as  are  the  outside  environmental  conditions  of  temperature,  humidity, 

and  barometric  pressure. Two one-way  observation  ports  and  complete  intercom 

with  audio  magnetic  tape  recording  are  provided.  The  subject  enters  directly 

from  a  corridor  (not  through  apparatus  room)  and  reclines  on  the  ballistocardio- 

graph  bed.  Sensors  are  applied  and  plugged  into  jack  panels  on  either  side 

at  the  head of the  bed.  Preamplifiers  are  near  the  subject  for EMG, EEG, EKG, 

finger  pulse  and  body  movement. 

3.  Sensors. 

(a)  Electrodes. 

Variables  sensed  by  electrodes  are  the  electrocardiogram 

(EKG), electroencephalogram (EEG) ,  electromyogram (EMG), impedance  plethys- 

mogram ( I P G ) ,  skin  potential (SP),  and  skin  conductance (SC).  Other  electrodes 

are  used  for  grounding  the  subject  and  for  applying  electrical  stimulation. 

(b) Transducers. 

These  are  used  for  sensing  skin  temperatures  (ST),  chest 

and  abdominal  circumference  to  measure  respiration (CR & AR), the  ballisto- 

cardiogram (BCG),  finger  pulse (FP),  body  movements (BM), and  blood  pressures 

(SBP , DBP) . 
4. Display  and  Recording. 

All  signals,  except  muscle  potentials,  after  preamplification 

associated  with  their  transducers  are  filtered  and  amplified  by  Offner  type 

492 DC amplifiers.  The  signal  is  then  split  into  three:  one  branch  goes  to 

the  17",  8-channel  oscilloscope  and  is  recorded  on  an  oscillograph  (24-channel, 

model 1108 Honeywell)  and  the  third  branch  goes  to  the  analog  magnetic  tape 

recorder  (Ampex  model CP 100,  14-channel FM). Several  signals  may  be  multi- 

pexed  on  the  oscilloscope  and  tape  recorder so as  to  accommodate  them  all. 



During  the  recording  phase,  a 1-per-second  timing  pulse  (of 300 CPS for a 

period  of 50 MS) is  recorded on the  face  temperature  channel.  An e l e c t r o n i c  

coun te r   causes   eve ry   t en th   s igna l   t o   ac tua t e  a marker  channel of t h e   o s c i l l o -  

graph. 

5. I d e n t i f i c a t i o n  Mark f o r  Analog  Tape. 

Since  several   experimental   sessions may be  recorded on one ro l l  

of  magnetic  tape, a system is required  for   marking and loca t ing   the   beginning  

of  specified  records.   This  record s ta r t  mark is recorded on the   t ape  and a l s o  

displayed on the   o sc i l l og raph   cha r t ,  so tha t   p rec ise   synchroniza t ion  can be 

achieved  between  the  record made during  recording and the  one made during 

reproduce  which is used   for   ed i t ing .  The record mark is a decimal number 

coded i n   b i n a r y  by  two v o l t a g e   l e v e l s  on each  of  the  14  channels  of  the 

analog  tape. Its maximum value  is  3999. Each recording  session is given 

a s e q u e n t i a l   i d e n t i f i c a t i o n  number (ID). A par t i cu la r   r eco rd  may be 

located  on a reel of  analog  magnetic  tape by se t t i ng   t he   dec ima l   con t ro l s  a t  

the   des i red  I D  number.  The I D  numbers are displayed  on  Nixie  tubes as they 

are   passed and the   t ape   s tops  on the   p re se t  I D  number. By adding  an  addi t ional  

u n i t  any  point   wi thin a record  could be loca ted   to   the   neares t   second.  We 

have  not  found  any  need f o r   t h i s   f e a t u r e ,   h e n c e ,  i t  has  not  been  added, i n  

l ine  with  our  general   philosophy  of  keeping  the  apparatus as simple as pos- 

s ible   consis tent   with  required  performance.  

B. Data Processing  System. 

1. Signal  Conditioning. 

Since  the ADC sampling  switch  requires   e i ther  a synchronized 

s ignal   or   the   cont inuous  presence  of   the  s ignal ,   the   discont inuous  asynchronous 

pulse   var iab les   such  as EKG, plethysmogram  and BCG require   t ransformation  be-  

fore  conversion. The FXG is used   to   genera te   the   hear t   per iod  (HP), t he   pe r iphe ra l  
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pu l se   ampl i tude   o f   t he   f i nge r  plethysmogram (FP) is  de tec ted  by a peak  reading 

ho ld   c i r cu i t ,   and   fo r  BCG t h e  IJ wave is measured  and  held u n t i l   t h e   n e x t  EKG 

opens   the   ga te   for   the   next  BCG signal. The EMG and  body movements are i n t e -  

grated,  sampled  and  held. EEG may be  analyzed  direct ly   in   the  high-speed 

mode o r  i t  may be   d iv ided   i n to  several frequency  bands  and  each  band  displayed 

as a cont inuous   vo l tage   equiva len t   to   the  smoothed average power or  vol tage  of  

t h e   s i g n a l   w i t h i n   t h e  band. Any period  of EEG record  can  be  analyzed  in   the 

high-speed mode o f   t he   r egu la r   "Po in t s   o f   In t e re s t ' '  program  described  in  the 

s e c t i o n  on  software.   Since,   however,   this  type of micro-analysis  can  be 

q u i t e   c o s t l y ,   t h e  more economical,  though less d e t a i l e d  method of abs t r ac t ing  

the   ave rage   vo l t age   o r  power from several   broad  bands is more p rac t i cab le .  

The DC or   s lowly  changing  var iables   such as tempera tures ,   resp i ra t ion ,  

palmar  conductance  and  skin  potential are reproduced  from  the  analog  tape and 

s e n t   t o   t h e  ADC e s s e n t i a l l y  unchanged excep t   fo r   ampl i f i ca t ion  and f i l t e r i n g .  

The s i g n a l   c o n d i t i o n i n g   c i r c u i t r y  is t h e   s t a g e  where  automatic  edit ing 

f o r   a r t i f a c t s  w i l l  be  done. A t  p r e s e n t   o n l y   f i l t e r i n g ,   g a t i n g  by EKG f o r  BCG 

and PP and the   s imple   pa t te rn   recogni t ion   o f   the  IJ por t ion  of t he  BCG are . 

used. More s o p h i s t i c a t e d   p a t t e r n   r e c o g n i t i o n   c i r c u i t s  are being  designed  to  

b e t t e r   d i s t i n g u i s h  between  c lean  s ignals   and  ar t i facts .  Most a r t i f a c t s  

caused by sub jec t  movements are now removed by t h e  human e d i t o r  as descr ibed 

i n  b, ( 4 )  of   the   sof tware   sec t ion .  

2. Digital   Magnetic Tape  Formats  and  Sampling Rates. 

Economy in   d ig i t a l   computa t ion   r equ i r e s   t he  minimum sampling 

rates cons is ten t   wi th   the   type   o f   in format ion   des i red   for   each   var iab le .  

It was dec ided   tha t  a sampling rate of  10  samples  per minimum i n t e r v a l  

o f   va r i ab le  would provide   suf f ic ien t ly   de ta i led   in format ion   for   our   purposes .  
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Thus i f  maximum r e s p i r a t i o n  rate were 1 per  second,  10  samples  per  second 

would e n a b l e   s u f f i c i e n t l y   a c c u r a t e   l o c a t i o n  and  amplitude  determinations 

requi red   for   comput ing   resp i ra t ion   per iod   and   an   index   of   t ida l  volume. 

Similary  the  hear t   per iod  can  change from a maximum of  about  2.0  seconds 

t o  a minimum of  about .33 seconds (30 t o  180  beats   per   minute)   in   not  less 

than 113 second. A sampling rate of 3 SPS would suff ice;   but   because  of  

ou r   des i r e   t o   co r re l a t e   t he   co inc idence   o f   changes  as w e l l  a s  amplitude 

changes   o f   hear t   and   resp i ra t ion   per iodic i ty ,  it was decided  to   sample  the 

c a r d i a c   v a r i a b l e s   a l s o  a t  10  SPS so as t o  make the  time of  corresponding 

po in t s   on   co r re l a t ed   va r i ab le s   equa l ly   p rec i se .  The slow-changing v a r i a b l e s  

l ike   t empera ture   and   those   in tegra ted   €or  a d e f i n i t e  time of 1 second are 

sampled 1 SPS. A sampling rate of 5 SPS was chosen f o r   s k i n   p o t e n t i a l .   I n  

o r d e r   t o   p r o v i d e   f o r   t h e   f u t u r e   a d d i t i o n   o f   v a r i a b l e s ,   t h e  ADC sampling 

switch w a s  des igned   to   p rovide   10   var iab les  a t  10 SPS, 10  a t  5 SPS and  10 a t  

1 SPS including a nonsampled t i m e  code  generated at 1 SPS. Together  these 

t o t a l  160 SPS i n  real  time o r  1280 SPS in   t he   r ep roduce  mode as a c t u a l l y  

used  (8:l  speedup).  Because  of  the  inherent  high-speed  sampling  and  conversion 

c a p a b i l i t y   o f   t h e   s o l i d  s t a t e  conve r t e r ,  and an  expectat ion  that   h igher   f re-  

quency  variables  such as EEG might  sometime  be  analyzed, a high-speed mode 

o f  6400 SPS is a l s o   a v a i l a b l e .  Thus for   the  high-speed mode t h e r e  are 10 

channels  each a t  400 SPS, 10 a t  200 SPS and 1 0  a t  40 SPS. When t h i s  mode is 

used,  the  analog  record  and  playback is  1:l and t h e   d i g i t a l   t a p e   o p e r a t e s  

a t  25"/sec  producing  the same bi t   dens i ty   o f   512/ inch   used   for   the  low-speed 

mode i n  which  . the  tape  speed is 5"/sec. 

a. Density  and  Sampling Rate. 

The r a w  d a t a  is recorded  on a d i g i t a l   t a p e   f o r   i n p u t  

13 



to  a 7094.  The t ape  is recorded at 512 b i t s l i n c h   i n   b i n a r y  (odd p a r i t y )  

mode. The d a t a  is recorded  in   long  physical   records  with  the  data   samples  

packed  and  interlaced. The present  system accommodates 30 channels   o f   da ta  

sampled a t  3 d i f f e ren t   f r equenc ie s .  

Channels 1 - 10 Sampled 10   t imedsecond.  

Channels 11 - 20 Sampled 5 times/second. 

Channels  21 - 30 Sampled 1 timelsecond. 

Channel 30 conta ins  a time code  generated by an i n t e r n a l   c l o c k   i n   t h e  

ADC ra ther   than   da ta .  

b.  Tape  Layout. 

Each phys ica l  reel cons is t s   o f  1 o r  more recording  sessions  of  

up t o  1.14  hours  each. Each se s s ion  is preceded by a s h o r t   i d e n t i f i c a t i o n  

record.  The I D  record   cons is t s   o f  a 1 2 - o c t a l   d i g i t  I D  number repeated 8 

times. This I D  number is generated by a set of   12  octal   switches  on  the 

ADC which are manually set. 

The 8-word ID record is followed by one or mre data   records .  Each da ta  

record  consis ts   of  6720 36-bit  words  representing  126  seconds of real t i m e  

data.   Following  the  data  record is  a 1 1 /4"   i n t e r r eco rd  gap. The  gap is 

generated by s topping   the  ADC without   s topping  the  tape  and  represents  a 

l o s s   o f  2 seconds  worth  of   data   out   of   each  128  seconds  of   real  time. 

The last phys ica l   r eco rd   i n   t he   s e s s ion  is  followed by an end  of f i l e  

mark. The las t  end of f i l e  mark on the  reel is followed by an I D  block 

with  an I D  number of a l l  sevens,  (777777777777). 

c. Data Sample  Packing  and  Interlace. 

Each data   sample  consis ts  of 1 2   b i t s ,  11 b i t s   p l u s  a s i g n   b i t ,  

thus  each  sample is  a number l i m i t e d  2048 > sample > -2048.  Samples are 

packed 3 per  computer word.  Sampling  of data  channels  proceeds  in  "frames" 
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of  1 second  each,  the  pattern  being  repeated  once  per  second. A t ape   record  

is 126  frames o r  6720  words  long. Each frame is sampled as follows: 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
1 2   3 4  5 6 7 8 9 10  17 18 19 20 21 22 
1 2   3 4  5 6 7 8 9 10 11 12  13  14  15  16 
1 2   3 4  5 6 7 8 9 10  17 18 19 20 23 24 
1 2   3 4  5 6 7 8 9 10 11 12 13 14  15  16 
1 2  3 4 5 6 7 8 9 10  17 18 19 20 25 26 
1 2   3 4  5 6 7 8 9 10 11 12  13  14  15  16 
1 2 3 4 5 6 7 8 9 1 0 1 7 1 8 1 9 2 0 2 7 2 8  
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
1 2 3 4 5 6 7 8 9 3 - 0 1 7 1 8 1 9 2 0 2 9 3 0  

Sampling  procedes  from l e f t   t o   r i g h t .  When read  into  the  computer  

s t a r t i n g   i n   l o c a t i o n  1 the   fo l lowing   pa t t e rn   r e su l t s :  

,Samples i n  B i t  Pos i t i ons  
.- Word s-11 12-2 3 24-35 

00001 
00002 
00003 
00004 
00005 
00006 
00007 

1 2 3 
4 5 6 
7 a 9 

10 11 12 
13   14   15  
16 1 2 
3 4 5 

etc. 

4. T i m e  Codes. 

The t i m e  codes  generated by the  AID converter  and w r i t t e n  on t h e  

tape  as data  samples  for  channel 30 are s l i g h t l y   d i f f e r e n t  from ord inary  

samples i n   t h a t   t h e y  are unsigned  12-bi t   in tergers .  The c lock   counts   in  

1-second i n t e r v a l s  from 0 t o  4095  and counts modulo 4096. 

The f i r s t  t i m e  code  on  the  tape  in  a se s s ion  is 3,  t h e  last time code 

i n   t h e   f i r s t   p h y s i c a l   r e c o r d  is  128. The in t e r r eco rd  gap r ep resen t s  two 

seconds, i .e. ,  129 & 1 3 0 ,   t h u s   t h e   f i r s t  time code in   the   second  phys ica l  

record w i l l  be 131. 

5. Var ia t ions  From Standard I B M  Tape  Format. 

Tapes  produced by t h e  ADC while   ent i re ly   compat ible   with I B M  
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729 Model I V  o r  729  Model V I  tape  dr ives   have,   none  the less, c e r t a i n  

var ia t ions  f rom  s tandard I B M  formats. 

(a) Density - Tapes are recorded a t  512 r a t h e r   t h a n  556 

b i t s l i n c h .  

(b)   Interrecord  gaps - Interrecord  gaps  between  data  records 

are 1 114" r a t h e r   t h a n  314".  The  gap a f t e r   t h e  8-word 

I D  block is approximately 79". (The ADC produces  only 

6720  word records.  Even though t h e  I D  block i s  only 8 

words long,  i t  writes enough b lank   tape   to  make a 6720- 

word record) .  

3. Software. 

a. Overview. 

This  section  deals  with  the  computer  programs*. The programs as 

descr ibed are ope ra t iona l  a t  the  General  Motors  Technical  Center  computing 

laboratory.   Since,   however ,   their   monitor   system i s  unique,  the  programs as 

now wr i t ten   cannot   be   run   d i rec t ly  on o the r  7094 i n s t a l l a t i o n s .  Mr. Singer 

and Mr. S tah lke   i n   co l l abora t ion   w i th   t he   pe r sonne l  a t  t h e  NASA Ames Computing 

Center  modified  the  programs so they  can  be  run a t  NASA Ames Research  Center. 

To run  the  programs a t  o t h e r  computing cen te r s  would usual ly   involve s t i l l  

o ther   modi f ica t ions  as requi red  by e a c h   l o c a l   i n s t a l l a t i o n .   I f   t h e  programs 

were to   be   app l i ed   t o   d i f f e ren t   da t a   t ape   fo rma t s ,   mod i f i ca t ion   o f   t he   i npu t  

rou t ines  would  be required.  The cards  and l i s t i n g s   f o r   t h e   o p e r a t i o n a l   p r o -  

grams may be  obtained  from The L a f a y e t t e   C l i n i c ,   a t t e n t i o n  A .  F. A x .  

The programs were designed  to   automate  the  analysis   of   physiological  

* Programming was done c h i e f l y  by Samuel S inger   wi th   the   he lp  
o f  Rudy Stahlke,   Barbara  Levin,   Robert   Hirschfeld,  and James 
Licholat .  
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da ta   by   t he   u se   o f  a high-speed d i g i t a l  computer. A very   l a rge  amount o f  

data  can  be  accumulated i n  a ve ry   sho r t  t i m e  i n   b io log ica l   expe r imen t s   i n  

which many v a r i a b l e s  are studied  s imultaneously.  The d a t a   a c q u i s i t i o n  

system  for  which  these  programs were designed  produces  about a ha l f   mi l l i on  

da ta   samples   per   hour .   Clear ly   th i s  amount of   da ta  must  be  reduced t o  

something xnore manageable  by ex t r ac t ing   on ly   t he  most s i g n i f i c a n t   i n f o r -  

mation,  and  perhaps  equally  important, it must  be  done a t  a reasonable  

cos t  . 
With a problem  of  this  magnitude it is important   that   the   system as 

a whole   be   fas t   and   e f f ic ien t ,   ye t  i t  must  be f l e x i b l e   t o   t h e   g r e a t e s t  

degree so t h a t  a variety  of  problems  can  be  solved. Data s to rage  w a s  

designed  with minimum storage  space  and maximum speed   o f   da t a   r e t r i eva l  

i n  mind. Where compromises  between  speed  and  complexity were necessary,  

they were genera l ly  made on the   s ide   o f   g rea t e r   speed .  

The sec t ions   t ha t   fo l low  desc r ibe   t he  programs i n  some d e t a i l  and 

a l s o   t h e   l o g i c   i n v o l v e d   i n   t h e   c h o i c e   o f   t h e s e   p a r t i c u l a r   s o l u t i o n s .  

b. Po in t s   o f   In t e re s t  Program. 

(1) The Response  Concept. 

The da ta   ana lys i s  is  based on the  concept  of  biologic- 

response (Ax, 1958; Ax, Singer  and  Zacharopoulos,  1962: Ax, Singer,  Zachary, 

Gudobba, and Gottl ieb,   1964),   which may be   def ined   for  any v a r i a b l e  as 

a s igni f icant   change   in   ampl i tude   wi th in  a spec i f i ed  t i m e  l i m i t .  The 

question  which  must  next  be  answered is, what is  a "significant"  change? 

S ince   there  is a c e r t a i n  amount of "noise"   inherent   in  any  system,  the' 

amplitude  of  change  must a t  least exceed   the   no ise   l eve l   and   s ince   there  

is a c e r t a f n  amount o f   homeos ta t i c   d r i f t   i n   ampl i tude   w i th  t i m e ,  w e  may 
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r e a l i s t i c a l l y   s a y   t h e   s i g n i f i c a n t  change in   ampl i tude  must occur   within 

a c e r t a i n  time limit. The response is the re fo re   de f ined   i n  terms of two 

tolerances,   an  ampli tude  tolerance and a t ime  or   dura t ion   to le rance .  A 

slope  could  not   be  used  for   the  tolerance  s ince  noise  may have  high  slopes. 

A response is an  amplitude  change  that  occurs  within a dura t ion   to le rance  

and  exceeds  an  amplitude  tolerance. 

A response may be   e i the r  an  increase  in   ampli tude,  a rise, o r  a de- 

crease in   ampl i tude ,  a fall . It begins when the  variable  changes  amplitude 

by more than  an  amplitude  tolerance  within  the  period  of  one  duration 

to le rance  and  ends when t h e   v a r i a b l e  no longer  changes  amplitude by more 

than  an  amplitude  tolerance  within  the  period  of  one  duration  tolerance.  

Since  one  response may immediately  follow  another,  w e  m u s t  a l so   s ay   t ha t  

a response  ends when i t  changes  direction. 

(2)  Poin ts   o f   In te res t .  

Responses are i d e n t i f i e d  by t h e i r  end poin ts  which 

are ca l led   Poin ts   o f   In te res t  (P I ) .  The poin ts  are named accord ing   to  

the  response  they  del imit .  Examples (Figure 2)  are Begin  Rise (BR) , 

Time 

Low 

1 Time 

Figure 2 
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" End  Rise  (ER),  Begin  Fall  (BF)  and  End  Fall  (EF).  The  figures  illustrate 

examples  and  Table 1 lists  all  points  and  their  abbreviations. 

1-ce Of.~* i"C.  Abbr. C0nmP"t 

B e g i n  Rise BR CURV Computed 

End Rise ER CURV Compuced 

B e g i n  F a l l  BP CURV Computed 

End F a l l  EF CURV Computed 

High HI CURV Computed 

LOW LO CURV Computed 

Drift  High DH No CURV Computed 

D r i f t  Low DL No CURV Computed 

Begin Epoch  BEP No CURV Computed 

End Epoch  EEP No CURV Computed 

Begin E d i t  BE No CURV Computed 

End Ed 1 c EE No CURV Computed 

Begin S h o r t   E d i t  BSE No CURV Computed 

End Short E d i t  ESE NO CURV Computed 

Table 1 

For  the  case  in  which  one  response  does  not  immediately  follow  another, 

the  portion  of  curve  between  two  responses  is  known  as  a  drift;  and  if 

the  drift  is.  of  less  than  two  time  tolerances  in  duration,  it  is  called 

a plateau. Examples of these  cases  are  shown  in  Figure 3. 

J"" J"\ Begm fa l l  

* 

Begin r i se  End fail  Begin rise End fall 5 I Begin r i se  End fail  Begin rise 

L 
End fall 

Tolerances 

Amp 
- - " ~ ~ _ _ _  

I 
Duration 

Time 

Tolerances 

A"'P t Duration 

a n 

- 
2 Drift high 

End rise 

Figure 3 
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A d r i f t  may be  of  any  duration.  If   during a dr i f t   the   ampl i tude   exceeds  

both end p o i n t s  by an   ampl i tude   to le rance ,   the  extreme is i d e n t i f i e d  as 

a D r i f t  High (DH) o r   D r i f t  Low (DL). A cumulat ive  response  consis ts   of  
I 

two o r  more d iscre te   responses   separa ted  by p l a t eaus  (see Figure 4 ) ,  but 

not by d r i f t s .  

The amplitude 

of a cumulative 

response i s  

measured  from 

A cumulat~ve  r lse  

End r ise  

7 

r lsc  

"-d 
Begln  rise 

t h e   f i r s t   b e g i n  

rise t o   t h e  

las t  end rise. 

Time 

Data are F igure  4 

general ly   recorded  within a cer ta in   experimental   design.  The recording 

period is  d iv ided   i n to   one   o r  more experimental  epochs. It is  usua l ly  

d e s i r a b l e   t o   i d e n t i f y   t h e  limits of an  experimental  epoch.  This is  done 

wi th   spec ia l   po in t s   o f   i n t e re s t   ca l l ed  Epoch P w  (EP).  These may o r  

may not   co inc ide   wi th   one   o r   the   o ther   po in ts  of i n t e r e s t .  

The p o i n t s   o f   i n t e r e s t  are w r i t t e n  on  magnetic  tape  ordered by var- 

i a b l e  number in   ascending  time sequence. Each P . I .   cons is t s   o f   (1)  

v a r i a b l e  number, (2) amplitude, (3) time, ( 4 )  type  (Hi, Lo, ER, e t c . )  

and (5) curvature.  These 5 values   for   each  P.I .  are packed  into two words 

on the  P.I .   tape.  

(3) Curvature. 

-We have now a r r i v e d  a t  a set of   parameters   cal led 

Points   of   Interest   which  descr ibe a curve. They have   the   v i r tue   o f   be-  

i ng   ea sy   t o   ob ta in   r ap id ly  and of descr ibing many impor tan t   fea tures  of 
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I 

the   da ta   conc ise ly .  One disadvantage of the   Poin ts   o f   In te res t  is tha t   t hey  

descr ibe  responses  (our pr imary   in te res t )   on ly  a t  their   ends  and  say  nothing 

about  what  happens  between.  Further  information  can  be  obtained as is 

i l l u s t r a t e d  by t h e  cases shown i n   F i g u r e  5. 

I A fast  starting  response 

Rises 

A slow starting  response 

3 - n A E n d  rise A rise 

E Average  slope 
/ 

I Area 
I 15% 1 ,  ,4?? 

,’ Area 

I LOW LOW 

I Time 

Falls 

A fast starting  response A slow startmg  response 

1 Time 

Figure 5 

The f i r s t  two responses shown have similar end  points   but   di f ferent  be- 

h a v i o r   i n  between. In  one  sense w e  might ca l l  t h e   f i r s t  a big  response 

o r   f a s t - s t a r t i ng   r e sponse  and the  second a small or   s low-s ta r t ing   response .  

The area under  the  response,  shown cross-hatched, is a good index  of 

t he   d i f f e rence  between t h e  two responses.  A fas t - s ta r t ing   response  

has a l a r g e  area. The area is a way to   descr ibe   the   average .curva ture .  

Areas la rger   than   the   - t r iangle   enc losed  by the   average   s lope   l ine   ind i -  
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cate a generally  convex  curve  produced by a "negat ive  accelerat ion ' '   over  

most of  the  curve.  Conversely areas less t h a n   t h e   t r i a n g u l a r  area i n d i c a t e  

a generally  concave  curve. To p rese rve   t h i s   p rope r ty   o f  a f a s t - s t a r t i n g  

response  being  associated  with a l a r g e  area the  complimentary area, o r  

area over   the  curve,  i s  computed f o r   f a l l i n g   r e s p o n s e s .   I n   o r d e r   t o   g i v e  

t h e  area or   curvature   concept  a s tandard meaning r ega rd le s s  of amplitude, 

du ra t ion   o r  area of the   par t icu lar   response ,   the   percent   o f   the   rec tangle  

encompassed by the  amplitude  and  duration  of  the  response is  computed as 

i l l u s t r a t e d .  

( 4 )  A r t i f a c t s  and  Editing. 

Unfortunately real da ta   genera l ly   conta in  a number of 

a r t i f ac t s   (no i se )   wh ich  must be  handled i n   t h e   d a t a   a n a l y s i s .   I n d e e d ,   t o  

be   genera l ly   usefu l   the   ana lys i s   sys tem  should   be   ab le   to   p rocess   da ta  

t h a t  are m o s t l y   a r t i f a c t u a l  and e x t r a c t  what good d a t a  are present .  

A r t i f a c t s  may be  divided  into two groups,  those  which  can  be  recognized 

and i n t e r p o l a t e d  o r  skipped by the  computer  and  those which  must be  deleted 

by a human edi tor .   In   this   system  the  computer   recognizes  as a r t i f a c t  

those  data  which  exceed  either a spec i f ied   ampl i tude   o r  a spec i f i ed   s lope .  
- 

These two a r t i f a c t   t o l e r a n c e s  are provided by t h e   e d i t o r  and provis ion is 

s p e c i f i e d  by a t h i r d   e d i t i n g   t o l e r a n c e ,   t h e  edit dura t ion   t o l e rance .  An 

e d i t   o f   d u r a t i o n  less than   t he   ed i t   du ra t ion   t o l e rance  is l i n e a r l y   i n t e r p o l -  

a ted .  An i n t e r p o l a t e d   e d i t  is c a l l e d  a Short   Edit  (SE) while  a longer  non- 

i n t e r p o l a t e d   e d i t  is called  simply  an  Edit  {E). Their   end  points  are s p e c i a l  

po in t s  of i n t e r e s t  and are named Begin  Edit ( B E ) ,  _End Edi t   @E),  Begin Short  

- Edit  (BSE), End Short   Edit  (ESE), as is appropriate .  Examples o f   e d i t i n g  are 
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shown i n   F i g u r e  6 .  

We have now 
A  short  edit 

br i e f ly   desc r ibed  

t h e   e s s e n t i a l   f e a -  

A long  edit 

' Interpolated  segment 
High C Artifact + 

t u r e s   o f   t h e   f i r s t  -2 - 2 i/r; K Begin  edit 

p a r t   o f   o u r   d a t a  

ana lys i s  system, t he  Time 

par t   ca l l ed   t he   Po in t s  

- of Interest   Program  (Figure 7 ) .  Figure 6 

This  program  which  comprises  the 

LOW End edit 

major p a r t  of the  system  can  pro- 

cess .severa1  experimental   recording 

sess ions   sequent ia l ly .  It can  handle 

29 different  channels  of  data  simul- 

taneously a t  3 di f fe ren t   sampl ing  

frequencies .  It has  provisions for 

s c a l i n g  and conve r t ing   da t a   t o  

phys io logica l   un i t s  as w e l l  as the  

fea tures   a l ready   descr ibed .  Running 

time on  the IBM 7094 for   p rocess ing  

an  hour 's   worth of data  (about 

500,000 samples f o r  29 var i ab le s )  

is about   f ive  minutes .  A sample of 
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t h e  polygram  (Figure 8). 

Figure 8 

The r a w  d a t a   f o r  a l l  var iab les   (Table  2 ,  appendix)   and  Points   of   Interest  

and summary l i s t i n g   f o r   t h e  sampling of t h e   v a r i a b l e s  are shown in   Tab le s  

3 to  12,   appendix. .  

c. Summary Program. 

The P o i n t s   o f   I n t e r e s t  Program  descr ibes   the   da ta   in  terms 

of  responses.   While  this  considerably  reduces  the amount of da ta ,   the   in -  

formation is no t   ye t   o rgan ized   i n to  a form t h a t  is eas i ly   a s s imi l a t ed .  The 

summary program is designed  to   perform  the  par t .   of   this   funct ion  that   does  

not   requi re   e labora te  s ta t i s t ica l  ana lys i s .  

The summary program  summarizes da t a  by the  experimental   epochs which 
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were set up i n  the  design  of   the  experiment .  It allows  easy  comparison  of ’ 

one  epoch  with  another by  summating the   da ta .  The summary t abu la t e s  sepa- 

r a t e ly   t h ree   gene ra l   ca t egor i e s  of data:  (1) general   information abo.ut t he  ’ 

epoch,   (2)   information  about   the  f i rs t  few responses   in   the  epoch,  and (3) a 

summary ‘of various  aspects   of  a l l  r e sponses   fo r   t he   en t i r e  epoch  (Table  12a). 

Table  12a 

Each va r i ab le  is summarized separa te ly .  The Summary ca tegor ies  are discussed 

i n  more d e t a i l  below.  (See  Tables 4, 6 ,  8, 10, 1 2 ,  appendix, for computer 

l i s t i n g   o f   t h e  summary o u t p u t   f o r   t h e   d a t a  whose P.I. were i l l u s t r a t e d . )  

Table  12a is an example of a standard summary output ,   bu t   o f   d i f fe ren t   da ta .  
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(1) General  Information  Section. 

This   t abula t ion   permi ts   ident i f ica t ion   of   the   epoch   and  

quick   eva lua t ion   of   the   range   of   var ia t ion   o f   the   var iab le .  It 

a l so   g ives  some idea   o f   the  amount of   useful   information  extracted 

by l i s t i n g   t h e  number o f   p o i n t s   o f   i n t e r e s t   i n   t h e  epoch  and t h e  

amount of   ed i t ing .  The fol lowing  information is l i s t e d :  

(a )   Var iab le  Number. 

(b) Data Information Number. 

(c)  Number of P.I .  i n  Epoch. 

(d) Epoch  Number. 

( e )  Epoch Duration. 

( f )  Epoch Beginning T i m e  and  Amplitude. 

(g) Epoch End Time  and  Amplitude. 

(h) Maximum Amplitude  and its Time. 

( i )  Minimum Amplitude  and i t s  Time. 

(j) Mean Amplitude  and its Standard  Deviation. 

(k) Percent  Good Data. 

(1)   Percent  Long Edits. 

(m) Percent   Short   Edi ts .  

(2) F i r s t  Responses  Section. 

Experimental  epochs are usua l ly  set up to   s tudy   r e sponses  

t o   s p e c i f i c   s t i m u l i .  The l a r g e s t  and  most s ign i f i can t   r e sponses  

often  occur  immediately  following  the start of   the  epoch.   In   order  

t o  be a b l e   t o  examine t h e   f i r s t   p a r t   o f   t h e  epoch i n d e t a i l ,   t h e  

f i r s t  few responses are t abu la t ed   i nd iv idua l ly .  Up to   10   responses  
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be   t abu la t ed   fo r  a given  epoch as W e l l  as t h e   f i r s t  and last i n t e r -  

v a l s   i n   t h e  epoch. The f i r s t   i n t e r v a l  is the  period  between  the start 

of t he   epoch   and   t he   beg inn ing   o f   t he   f i r s t   r e sponse  and t h e  last i n t e r -  

val is the  period  between  the end  of t he  last response  in  the  epoch 

and t h e  end  of  the  epoch.  For  each  response and in te rva l   the   fo l lowing  

information is  tabulated:  

(a)  The i n i t i a l   e p l i t u d e .  

(b) The amplitude of increment  or  decrement. 

(c )  The durat ion.  

(d) The  mean s lope.  

(e)  The curvature  index. 

( f )  The la tency  t i m e  from start of the  epoch. 

(g) The p r e c e d i n g   d r i f t  t i m e  between the  end  of t he  

last response  and start of the  present  one.  The 

las t  item, p r e c e d i n g   d r i f t ,  is  included  to  permit r eady   i den t i f i ca t ion  

those  responses  that   follow  other  responses  immediately  and  those 

separated by d r i f t s .  

(3)  summary of Response Parameters Section.  (Table  12a.)  

This   third  sect ion  of   the summary l i s t i n g  (which w a s  

no t   p r in ted   ou t   in   the   p receding   examples)   t abula tes   the  means and 

s tandard  deviat ions  of  several aspects  of  the  responses  in  an  epoch. 

Data are t abu la t ed   s epa ra t e ly   fo r  rises, f a l l s ,   p l a t e a u s   a n d   d r i f t s .  

The program a l s o  computes  cumulative  responses  if  they are present .  

Cumulative rises and  cumula t ive   fa l l s  are t abu la t ed   s epa ra t e ly  as 

w e l l  as t h e  mean and s tandard   devia t ion   of   d i scre te   responses ,  



including  those  in   cumulat ive  responses ,   for   each  cumulat ive  response.  

For   each  discrete   response,   cumulat ive  response,   dr i f t   or   p lateau,  

t h e  number of each  type  plus   the means and s t a n d a r d   d e v i a t i o n s   f o r  

the  fol lowing  parameters  are tabulated:  (a)  increment  or  decrement;  

(b)   durat ion;   (c)   s lope;   (d)   curvature:   (e)   in terval   between  responses .  

4 .  Program  Input  and  Output. 

The i n p u t   t o   t h e  program c o n s i s t s  o f  t h e   s e s s i o n   i d e n t i f i -  

c a t i o n  numbers fo r   t he   s e s s ions   t o   be   p rocessed ,   t he   va r i ab le  numbers 

and the   beg in  and  end times for  each  epoch. The da ta   i npu t  is t h e  

points   of   interest   magnet ic   tape  produced by t h e   P o i n t s   o f   I n t e r e s t  

Program.  Output is pr in ted   wi th   an   op t ion   of   wr i t ing  most o f   t he  

p r in t ed   ou tpu t   on   t ape   fo r   fu tu re  s t a t i s t i ca l  ana lys i s .  

d. Corre la t ion  Program. 

(1) Unconfounded Parameter  Correlation. 

A method has   been   deve loped   for   cor re la t ion   o f   the  

pr imary  parameters   of   selected  pairs   of   responses   f rom a s i n g l e  

v a r i a b l e   o r  from p a i r s   o f   v a r i a b l e s .  It does  not employ the   convent iona l  

au to-   o r   c ross -cor re la t ion   approaches   which   u t i l i ze   a rb i t ra ry   equal  

i n t e rva l   s amples ;   bu t   r a the r   t h i s   nove l   app roach   u t i l i ze s   t he  t i m e ,  

amplitude,  slope  and  Curvature  of  the  responses  matched  on  the  basis 

of   min imal   var iance   in  lag. 

This  approach is not  only  parsimonious  in  computing time, because 

a h ighly   se lec ted   and  much reduced set of   points  is  used ,   bu t   a l so  

i t  has   theore t ica l   va lue .   Cons ider   these  two v a r i a b l e s   i n  
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Figure 9 .  

FIGURE 9 

I 
FIGURE 11 

Figure 9 

Would you say  these  two va r i ab le s  are co r re l a t ed?  Note tha t   every  time one 

v a r i a b l e  rises t o  a peak, so does  the  other ,   reaching  the maximum at  exactly 

t h e  same time. Thus, i n   t h e  most pr imit ive  sense  they are pe r fec t ly   co r re -  

l a t e d  by v i r tue   o f   the i r   per fec t   co inc idence .  We n o t e   a l s o   t h a t   t h e   c o r -  

responding  responses  have  exactly similar shapes ;   in   each  case the   s lopes  of 

rise are t h e  same and the   s lopes  of fall i d e n t i c a l  on the  two  v a r i a b l e s .  

Thus, t h e i r   s l o p e s  are pe r fec t ly   co r re l a t ed .   The i r  maximum amplitudes,  how- 

ecer, are completely  uncorrelated;   the   product  moment c o r r e l a t i o n   c o e f f i c i e n t  
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o f   t h e i r  m a x i m u m  values  is exact ly   zero.  The s tandard   c ross -cor re la t ion  

over time a p p l i e d   t o   t h e s e  two var iables   produces a maximum c o r r e l a t i o n   o f  

approximately 0.57 f o r  a lag  of  zero  and less f o r  a l l  o the r   l ags .   S ince  

a co r re l a t ion   o f  0.57 represents   about  32 per   cent   of  common var iance ,  we 

could  conclude  they are weakly co r re l a t ed  by t h i s   c l a s s i c a l   c o r r e l a t i o n  

func t ion ;   t he i r  maximum amplitudes are completely  uncorrelated  but   they 

are pe r fec t ly   co r re l a t ed  by indices   of   coincidence and s lope .   In   t he   nex t  

example  (Figure  10)  the two va r i ab le s ,  when ad jus ted   for   l ag ,   have   per fec t  

product moment ampl i tude   cor re la t ion   o f   the i r  maxima, per fec t   cons is tency  

i n   l a g ,   b u t  by v i r t u e   o f   t h e i r   d i f f e r i n g   s h a p e s  produced by d i f f e r i n g  

rise and f a l l   s l o p e s   t h e  maximum c ross   co r re l a t ion  is a minute  0.35  with  an 

optimum time l a g  of  15. 

F ina l ly   i n   F igu re  11 t h e  two var iab les   aga in   have   responses   o f   per fec t ly  

p ropor t iona te   ampl i tudes ,   i t end ica l   shapes   bu t   t h i s  time incons i s t en t   l ags .  

The maximum cross-cor re la t ion  whuch occurs at l ag   10  is only 0.20. 

These  examples  should make i t  clear when dea l ing   w i th   va r i ab le s  which 

have   i r r egu la r   i n t e rva l s  and var iab le   shapes   due   to   d i f fe ren t  rise and 

f a l l   s l o p e s ,   t h a t  none  of  the  conventional  methods  of  correlation  gives a 

f u l l  and  unambiguous measure  of t h e i r   c o r r e l a t i o n .  The s tandard  cross-  

cor re la t ion   func t ion   based  on equa l   i n t e rva l  samples cor re la ted   over  a 

mean time l a g  (Tau) c lear ly   produces some c o r t  of  average,  confounded of 

a l l  three  aspects   of   coincidence,   ampli tude and s lope .   In   b io log ica l  sys- 

tems i t  may be important  to  measure  any  one  of  these  three  aspects  of 

correlat ion  independent ly   according  to  its own i n t e rna l   p r inc ip l e s   o f  

response. Classical c r o s s - c o r r e l a t i o n   i n   t h i s   s i t u a t i o n  would r evea l  

only a weak re la t ionship ,   whereas   cont ro l  may be   absolu te   wi th   regard   to  

occurrence  and  timing  of  the  dependent  systems'  response. The neura l  
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impulse which starts the  heart  beat is this type of response. 

In attempting to apply standard cross-correlations to respiration pro- 

duced  heart  period variability called  "respiration sirnus arrhythmia" we 

have often found small "zero-order" correlations in respiration and  heart 

rate records which by visual inspection,  appeared  to have strong sinus 

arrhythmia. These inconsistent findings stimulated u8 to seek better ways 

to measure cross-correlation among physiological variables. 

Our approach keeps  entirely separate the aspects of coincidence, ampli- 

tude,  and  shape.  It retains the concept of a response as the primary  entity. 

The first problem is to identify the corresponding responses on  a pair  of 

variables. * 
(2) Phases of the Correlation Programs. 

The correlation of response parameters proceeds in two 

distinct  phases  (Figures 12, 13, 14). 
Matched P I  For Correlation 

CORRELITION Preceding P I  Selected PI 
SIHT'LIFIED FLOW D I A C W  

Subroutine. are l i s t e d  b y   A p p r o p r i a t e  section 
of F l o w  D i a g r u  

c o w  INCOR 

JDCD 

DBF 

Read  and Check 

C o n t r o l   C a r d s  

ID.L m b r o u t l n e *  store C o n t r o l  D.T. B E M N  

I 

Poairion P I  r a p e  

Load S e l e c t e d  P I  

I n t o  storage 

I R U D P  

SFARCH 

LPOINT 

B E W E N  

""_ 

1 Variable B - -  ~ 

Print  s-ry O f  
""" 

C o n t r o l   C a r d  Data 

S e l e c t  option 1 .  2. 3 LAG 
""""" 

I I I 
Figure 13 

* Ax, A. F.; Zachary, G.; Gudobba, 

R. D.; Gottlieb, J. S. 

Psychophysiological  data 

retrieval and  utilization. 

- Ann. E. 1. g. , Vol.  115: 
2, pps.  890-904,  1964. 
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CORRELATION  MATCHING METHOD D u r i n g   t h e   f i r s t  

phase,   the  times of  

s e l ec t ed   P . I .  are matched 

and a histogram  of  the 

l a g s  between  samples 

f o r   t h e   p a i r s   o f   v a r i a b l e s  

being matched is pr in ted  

out .   This   enables   the 

Figure 14 u s e r   t o  select t h e   c h a r a c t e r i s t i c  

l a g s   f o r   t h e   P . I .   h e   d e s i r e s  t o  correlate.   During  the  second  phase  these 

l a g s  are used as input .  The se l ec t ed   P . I .  are matched  and the   subse t  

o f   t hose   po in t s   c lo ses t   t o   t he   spec i f i ed  l a g s  is used f o r   t h e   a c t u a l  

co r re l a t ions .  Matching may take   p lace  on e i the r   t he   beg inn ings   o r   ends  

of  responses as des i red .  

The i n p u t   t o   t h e  program is similar to   t he   P . I .  and summary programs 

previously  descr ibed and cons i s t s   o f  a set of  program  control  cards  specify- 

i n g   t h e   d e s i r e d  program  parameters  and a tape   conta in ing   the   po in ts   o f  

i n t e r e s t   i n   t h e   f o r m a t  produced by the  P. I. program.  Output cons i s t s  

of a summary of con t ro l   ca rd   i n fo rma t ion   p lus   i den t i f i ca t ion   da t a   such  

as epoch  and v a r i a b l e  names from the  P. I. tape.   This  is followed  by 

the   l ag   h i s tograms  for   phase  1 and cor re la t ions   for   phase  2 in   convenient  

t a b u l a r  form.  The  program  contains  extensive  optional  printout  of  intermediate 

da ta   for   use   in   checkout  and du r ing   ea r ly  program  usage. 

111. APPLICATION OF ACQUISITION  SYSTEM. 

The da ta   acqu i s i t i on   sys t em became ope ra t iona l   l ong   be fo re   t he   da t a  

processing  system  did.   During  this time, cons iderable   da ta  were recorded 

32 



by oscil logram  and  analog  magnetic  tape.   Three  physiological  variables 

were analyzed by hand  on two s t u d i e s .  The f i r s t  of   these  s tudies   has   been 

par t ia l ly   reported  previously.   (See Ax, Becket t ,   Fretz ,   Got t l ieb,   1965.)  

A. Classical Conditioning of Autonomic  Responses i n  Humans. 

1. Rationale.  

The not ion   under ly ing   th i s   s tudy  is the  concept of learned  moti-  

vat ion.  It is w e l l  e s tab l i shed   tha t   the   mot ives  which the   ind iv idua l   deve lops  

by in t e rac t ion   w i th   h i s   soc i a l   env i ronmen t  are learned,  (Hull ,   1943;  McClelland, 

Atkinson,  Clark, & Lowell,  1953: Hebb, 1958; Brown, 1961; Miller, 1951; Miller, 

1961). The ind iv idua l  learns h is   mot iva t iona l   pa t te rn   un ique ly   accord ing   to  

h i s   p a r t i c u l a r  endowments  and experiences.   Since  there  is almost  always more 

than  one  motive  present,  i t  is necessary  to  conceive  of  motives as being  or- 

ganized  into a h i e ra rchy   i n   r e f e rence   t o   cu r ren t  need-, opportunity,   and  long 

term -consequences.  Current  need,  opportunity and long-term  consequences, 

are very  interdependent   var iables  which may i n t e r a c t   s t r o n g l y  as i l l u s t r a t e d  

by emotional  behavior and impulse  buying  which a f t e r   t h e  act may be  seen as 

very  inappropriate   behavior  and to   r e su l t   i n   undes i r ab le   l ong- t e rm  e f f ec t s .  

The motivat ional   hierarchy which enables   the   dec is ion   to  act (presumably 

by some s o r t  o f   r ec ip roca l   i nh ib i t i on )  is  largely  unconscious and may have 

l i t t l e  re la t ionship   to   the   verba l ized   consc ious   "h ie rarchy   of   va lues" .  

One  who tends  to  be  overweight may have   p laced   d ie t ing   h igh   on   h i s   ver -  

bal ized  hierarchy of values   but   cont inue  to   overeat .  The mot ive   t o   d i e t  is  

obviously  not  very  high  on  his  hierarchy  of  motives.   This common d i f f i c u l t y  

i n  human mot iva t ion   can   be   seen   to   be   l a rge ly   due   to   the   re la t ive ly  low 

potency  for  

forcements. 

some people  of  long-term--as  contrasted to  short-term--rein- 

An immedia te   th rea t   to   hea l th  is u s u a l l y   q u i t e   s u c c e s s f u l  



fo r   d i e t ing .   C lea r ly   t o   p red ic t   and   unde r s t and   behav io r   t he   t rue   h i e ra rchy  

of   motives   ra ther   than  the  decept ive  verbal   "hierarchy  of   values"  must  be 

s tudied.  It  is  for   th i s   reason   tha t   the   unconsc ious   involuntary   phys io logic  

processes are used to   s tudy  motivat ion.  

The motivat ional   aspect   of   behavior  is bel ieved  to   be managed by t h e  

l imbic   sys tem  of   the   b ra in  which regulates  the  autonomic  nervous  system ( A N S ) .  

The phys io logica l   func t ions   cont ro l led  by t h e  AVS thus are p r ime   t a rge t s   t o  

s t u d y   w i t h   r e g a r d   t o   t h e i r   r o l e   i n   l e a r n i n g  motives. 

The concept of an   ap t i t ude   fo r   l ea rn ing   t he   h i e ra rchy  of motives seems 

s t r a n g e   t o  some people. Yet few  would doubt   that   the   es tabl ishment   of   the  

hierarchy is learned. Wherever t h e r e  is l ea rn ing ,  we may pos tu l a t e ,   t he re  

must be   an   ap t i tude   for   the   l earn ing .  A l l  ap t i tudes   tha t   have   been  measured 

appear to be   wide ly   d i s t r ibu ted   in   the   popula t ion   and  are in   gene ra l   on ly  

moderately  correlated  with  each  other .  Thus w e  do not   expect   fo   f ind  musical  

t a l e n t ,   v e r b a l   a b i l i t y  and a t h l e t i c   a b i l i t y   t o  be  highly  correlated;  similarly 

the   ap t i t ude   fo r   l ea rn ing   t he   soc i a l   mo t ives  need not  be w e l l  co r r e l a t ed   w i th  

the  well-studied  aptitudes  mentioned  above. 

J u s t  as educators  know tha t   t hey  must adap t   t he i r   p rocedures   t o   t he  

in t e l l ec tua l   ab i l i t i e s   o f   t he   s tuden t   and   ad jus t   t he i r   expec ta t ions   fo r  him 

i n  terms o f   h i s  I.Q., so  must we l ea rn   t o   r ecogn ize  and  measure  the  apti tude 

fo r   l ea rn ing   t he   soc i a l   mo t ives  and t o   a d a p t   o u r   s o c i a l   i n c e n t i v e s   t o   t h e  

person ' s   mot iva t iona l   ap t i tude   and   to   ad jus t   our   expec ta t ions   o f   h i s   ach ieve-  

ments i n  terms of   h i s   ap t i t ude   fo r   l ea rn ing   t he   soc i a l   mo t ives .  

The ap t i t ude   fo r   l ea rn ing   t he   soc i a l   mo t ives   has  a gene ra l   e f f ec t  on a l l  

achievement,   since  motivation is a p r ime   f ac to r   i n  a l l  behavior. No matter 
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how great  the  talent,  if motivation is  low there  can be little achievement. 

It would appear that motivational learning  is  influential  for  its own acquisi- 

tion in a regenerative,  positive  feedback  way,  thus  playing  a  power  factor 

role. From early childhood relatively  small  differences  in  initial  motiva- 

tional  aptitude may have profound  effects  on  achievement. 

Successful  demonstration  that  these  physiological  measures  of  learning 

correlate with  motivational  aspects  of important  life  activities such as 

education, work and  family  responsibilities  would  contribute  to  better 

scientific description  of  the  mechanism  of  motivation  and to the  practical 

application in  selection and  training  of  personnel. 

2. Method. 

This  was  a  study  of  clinical  group  differences  rather than  one 

of conditioning  per  se,  hence  identical  procedure  was  used on all  subjects 

rather than a  procedure  employing  methodological  subgroups  for  control  of 

stimulus  order,  pseudo-conditioning, etc. This  orientation to clinical 

group  differences  makes  the  study  less  than  ideal  for  the  analysis  of  the 

nature of  the  conditioning  obtained.  Subsequent  studies  will be required 

to clarify  these  interesting  problems. 

a. Experimental  Procedure. 

The  experiment was  done on  each  subject  over  a  5-day  period 

(Figure 15 next page). Five 1-hour  sessions  of  physiological  testing were 

done on consecutive days. The first  session  was habituation to the  labora- 

tory  during which 3 different  pitched  tones  were  sounded  each  for 12 seconds 

for each of 5 trials.  The  second  and  third  sessions were  for  conditional 

training  during which two of the  tones were reinforced by two  different 

intensities of pain stimuli each 5 times  per  session.  The  fourth session 
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Figure 15 

was extinction during which only  the  tones were given as on the first day. 

At the completion of the extinction series,  the pain electrodes were once 

more attached  and 4 intensities of stimulation (2 .5 ,  3.5, 4.0, and 4.5 ma) 

were administered at about 3.0-minute intervals so as  to enable the deter- 

mination of the subjects' responsiveness to the  pain stimuli when the response 

was not  complicated by a preceding CR elicited by the CS. It was hoped 

that these responses could be  used  in a regression equation to adjust for 

individual differences in response sensitivity so as to reduce the  between- 

subject  variance. The pain stimuli can also reveal the systematic discrim- 

ination of the response system to incremental pain  stimuli. 

On the fifth day the cold pressor test was done and 3 I.V. blood samples 

taken for biochemical analysis being  done by  Dr.  Frohman. The experimental 
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procedure  for   each  session w a s  preceded by a t  least 5 minutes  recorded 

undisturbed rest and  followed by a 5-minute rest period. 

The cond i t iona l   s t imu l i  used in   t h i s   expe r imen t  were tones  of 3 

d i f f e r e n t   p i t c h e s  (470,  770,  and  1240 Hz) in t e r rup ted  (50% on - o f f  4 

times per  second at about 75 db loudness. Each tone w a s  p resented   for  

12 seconds  for  5 r e p e t i t i o n s  at pseudo-random i n t e r v a l s  (from 2.0 t o  

2.5 minutes)   in  4 s e s s ions  on consecutive  days. The uncondi t iona l   s t imul i  

were d i r ec t   cu r ren t s   app l i ed   t o   t he   t oe   pads   v i a   z inc   su lpha te   we t t ed   c i r cu la r  

sponge  electrodes.  The d i r e c t   c u r r e n t   v a l u e s  were 2.5 and 3.5 ma; t h a t  

is, 6.50 and 9.10 ma/cm2. An e lec t ronic   cur ren t   regula tor   main ta ined   prec ise ly  

them  cu r ren t   va lues   r ega rd le s s  of skin  res is tance  changes  beneath  the 

e l ec t rodes .   Dur ing   t he   f i r s t   o r   hab i tua t ion   s e s s ion   each  of t h e  3 tones 

without   the  pain was presented 5 times. During the  second  and  third  sessions 

the  smaller (2.5 h a )  pain  st imulus  always accompanied the  last 6.2  seconds 

of  the  middle  pitched  tone (770 Hz) and s imi l a r ly   t he   h ighe r   pa in   s t imu lus  

(3.5 ma) was always  paired  with  the  highest   pitched  tone (1240 Hz). The 

lowest  pitched  tone was never  reinforced by pain. On t h e   f o u r t h   o r   e x t i n c t i o n  

sess ion  no pain  s t imuli ,   only  the  tones,  were presented. This ses s ion  

w a s  i den t i ca l   w i th   t he   hab i tua t ion   s e s s ion .  Thus during  the two condi t ioning 

sessions  each  of   the two higher-pitched  tones w a s  re inforced a t o t a l   o f  

10 times. 

Each sub jec t  w a s  t o l d   f o r   t h e   h a b i t u a t i o n   s e s s i o n   t h a t   h e  would hea r  

some tones  but  he need do nothing.  For  the two condi t ion ing   sess ions   he  

w a s  t o l d  that some of   the  tones would be  accompanied by a b r i e f   p a i n   i n  

h i s   t o e  which  would f e e l   l i k e   h e a t .   F o r   t h e   4 t h   o r   e x t i n c t i o n   s e s s i o n  

he w a s  t o l d   t h a t   t h e r e  would be  no  pain  s t imuli- that   the   pain  e lectrodes 

were no t   app l i ed   t o   h i s   t oe .   Th i s   t rue   i n fo rma t ion  was g iven   t o   t he   sub jec t  
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i n   t h e  hope t h a t  i t  would e l i m i n a t e   t h e  random variance  caused by varying 

hypotheses   of   the   subects  as t o  when they  might  be  given  pain stimuli. The 

involuntary  autonomic  response w a s  of more in t e re s t   t han   t he   consc ious  ex- 

pec ta t ions .  

On t h e   f i f t h  day the   sub jec t  was requ i r ed   t o  immerse h i s   f o o t   i n  con- 

t i n u o u s l y   s t i r r e d  ice water f o r  1 minute. I . V .  blood  samples were taken 

before ,   dur ing,  and a f t e r   t h e   i c e  water stimulus.   During  the  10  minutes 

of   s t imulat ion,   the  m a x i m u m  rise and f a l l  from the   p re s t imu lus   r e s t ing   l eve l s  

were scored   for   each   var iab le .  

b. Subjects .  

Three  types  of   subjects  were t e s t ed :  

(1) The c l in ica l   g roup   cons is ted   o f  28 male chronic   schizo-  

phrenic   pa t ien ts   wi th   an   age   range   of  27-41 with a mean age  of 31.9 years .  

The mean dura t ion   o f   t he   i l l nes s  was 7.6 years   wi th  a minimum of  over 2 years .  

They were main ta ined   in  a special research ward  and kept   o f f  a l l  d rugs   fo r  

a y e a r   o r  more p r i o r   t o   t h e  time of   t es t ing .  They were on a good d i e t  and 

r e q u i r e d   t o   p a r t i c i p a t e   i n  a d a i l y  program  of exercise. According  to   the 

diagnosis  by a s i n g l e   p s y c h i a t r i s t  on a s ingle   occas ion ,   the i r   subdiagnoses  

were d i s t r i b u t e d  as follows:  Paranoid  36%,  Hebephrenic 18%, Catatonic  14%, 

Simple  14%,  and  Undifferentiated 18%. During the  8 years  most of   these   pa t ien ts  

have  been  s tudied,   there   have  been  changes  in   psychiatr ic   opinion  about   their  

subdiagnos t ic   ca tegor ies ;  a l l  c l in i c i ans   ag reed ,  however, t h a t  all 28 p a t i e n t s  

were indeed  chronic  schizophrenics.  

(2) The control   group  consis ted of 18 hea l thy  employed 

persons. Each was interviewed by a p s y c h i a t r i s t  and r a t ed  on the  same psych ia t r i c  

scales on  which t h e   p a t i e n t s  were ra t ed .   In   add i t ion   t he   con t ro l   g roup  was 

given  the  Minnesota  Multiphasic  Personality  Inventory,  the  Wonderlick 



Personnel Test,  a  reversed  digits  test,  and  weight  and  auditory 

discrimination tests. If any  control  subject was judged to be  unhealthy 

physically or psychiatrically by the  psychiatrist, he was  excluded  from  the 

control group. The  age  range was  19 to 44 with a mean  age of 28.1  years. 

There was  no  attempt to match the  two  groups on I.Q. Within  the  control  group 

there  was no  significant  correlation  between  the  GSR  conditioning score and 

the  Wonderlick index of I.Q. 

c. Physiologic Response  Scoring. 

Manual  analysis  was  done on skin  conductance (SC), skin 

potential (SP)  and finger  pulse (FP). The  analysis of heart  rate,  respira- 

tion,  frontalis muscle tension,  face  temperature, and ballistocardiogram was 

postponed until computer  analysis  could  be done. 

(1) Base  Level. 

The  palmar  conductance and potential were measured 

prior to the  onset of each  stimulus  and  also at five  selected  points of 

each (a) During  the  last minute of  the  first  rest  period. 

(b) Between  the  5th and 6th stimulus (at the  lowest SC point 

and  point  of  least  activity  of SP). 

(c) Between  the  10th  and  11th  stimulus. 

(d) Between  the 15th stimulus  and  the  instructions for rest. 

(e) Near the end of the  final  rest  period. 

Since finger pulse had  no  calibration,  the  base level was  not  consid- 

ered  a useful measure. 

(2) The  Conditional Responses (CR)  to tones (T , T , T ) 
0 1 2  

were measured  during  the habituation and  extinction sessions  within the  12- 
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second  per iod   whi le   the   tone   s igna l  was on.  During the   condi t ion ing   sess ions  

t h e  CR w a s  measured only  during  the 5.8 seconds   o f   the   tone   p r ior   to   the   onse t  

of   the  pain  s t imulus.  The responses   to  T , T I ,  and T were each  measured i n  

t h e  same manner dur ing   the   condi t ion ing   sess ions ,   except   those   for  FP f o r  

which the  T (unreinforced  tone) w a s  measured o v e r   t h e   f u l l  12-second  tone 

i n t e r v a l  as it  was f o r  a l l  var iab les   dur ing   habi tua t ion   and   ex t inc t ion   sess ions .  

The purpose  of   this   change was t o   e n a b l e ,   f o r  one va r i ab le ,  a proper  comparison 

between the  unreinforced and re inforced   sess ions  which is not   poss ib le  when t h e  

per iods  of   analysis  are o f   d i f f e ren t   l eng th .  The more o b v i o u s   s o l u t i o n   t o   t h i s  

problem  would  appear t o  have  been to   have measured a l l  responses   to   tones   for  

a l l  se s s ions  drily d u r i n g   t h e   f i r s t  5.8  seconds  of  the  tone. I f   t h i s  had  been 

done  comparisons  between  tones  and  between  sessions would  have a l l  been pos- 

s i b l e .  The reason it w a s  not  done w a s  because many of the   responses ,   espec ia l ly  

those  of FP, had r a re ly   r eached   t he i r   fu l l   ampl i tude  a t  the  end  of  the  5.8 sec- 

ond per iod;   hence,   the   value  obtained a t  the  5.8 second  cutoff was n o t   t h e  

best   representat ion  of   the  response  ampli tude.  The data  should  be  rescored 

both ways t o  test th i s   hypo thes i s  and to   enable  a l l  comparisons.  Another 

experimental  design  which employed unreinforced trials fo r   t he   u sua l ly   r e in -  

forced  tones,  T and T , would,  of  course,  also  have  provided a so lu t ion .  

This was not  done  because we f e a r e d   t h a t  less than 100% reinforcement would 

produce  inadequate   condi t ioning  in   this   experiment   where  the  total  number of 

reinforcements was only 10 per   tone.   Final ly  i t  m u s t  be r e i t e r a t e d   t h a t   o u r  

primary  purpose w a s  t he  group  comparisons  rather  than a s tudy  of   condi t ioning.  

0 2 

0 

1 2 

(3) The unconditional  response (UR) was measured during 

t h e  6.2-second per iod   whi le   the   pa in   s t imulus  was on. I n   o r d e r   t o  make t h e  

CR and UR comparable  the UR ana lys i s   per iod  was no t   ca r r i ed  beyond t h e   o f f s e t  
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of the  pain  even  though many responses  continued  to rise a f t e r   t h e  US 

o f f s e t .  The UR are be ing   rescored   to  examine t h e   f u l l   r e s p o n s e .  

Another  problem i n  comparing t h e  CR and UR is t h e   f a c t   t h a t   t h e  UR is  

nearly  a lways  occurr ing  during some phase  of CR response  or   recovery.  As 

mentioned earlier t h e  "Law of I n i t i a l  Values" is n o t   s u f f i c i e n t l y   s o p h i s t i -  

c a t e d   t o   e n a b l e   c o r r e c t i o n   f o r   t h i s   a s p e c t .   F o r  some va r i ab le s  and f o r  some 

s t ages  of the  just   previous  response,   the   second  response may be  augmented; 

f o r   o t h e r   v a r i a b l e s  and s t ages ,  i t  may b e  diminished  in  amplitude.   John 

Gorham working in   ou r   l abo ra to ry  is i n v e s t i g a t i n g   t h i s  problem. 

A l l  responses are ca l cu la t ed  by subt rac t ing   the   ampl i tude  j u s t  p r i o r  

to   the   beginning  of the  response  f rom  the  value  e i ther  a t  i t s  maximum or 

a t  the  end of the   ana lys i s  epoch as described  above. 

Skin  potent ia l   (and  hear t  rate when i t  is  analyzed)   presents   special  

problems  because i t  has   fou r   t yp ica l   pa t t e rns  of response:   (a)   posi t ive 

uniphasic,  (.b) nega t ive   un iphas ic ,   (c )   pos i t ive   d iphas ic   (pos i t ive   por t ion  

f i r s t ) ,  and  (d)   negat ive  diphasic   (negat ive  port ion  f i rs t ) .  The p o l a r i t y  

of the  response is t h e   p o t e n t i a l  a t  t he  palmar sur face   re fe renced  t o  the  

arm e lec t rode .  Normally t h e  palm is nega t ive   t o   t he  a m  reference.  No 

special procedure8  (such as s k i n   d r i l l i n g )  were used   to   decrease   the  resis- 

tance a t  the  arm site except  the  usual  washing and  rubbing i n  of e l ec t rode  

pas t e  (Redux). V a r i a b l e   r e s i s t a n c e   e f f e c t s  between the   e l ec t rodes  and  loading 

w a s  prevented by using an electrometer  coupler  having  over  1000 megohms input  

impedance. We have  determined  that  a t  least 10 megohms input  impedance is 

necessary   to   p revent   loading   and   res i s tance   e f fec t .  

The SP measures w e r e  taken as follows:  (a)  frequency  of  each  type,  and 

(b)  amplitude  of  the  increments  and  decrements  from  both  types  of  responses 
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whether  from uni- or   d i -phas ic   responses .   In   o rder   to   avoid   scor ing  as 

responses   the   recover ies ,   on ly   tha t   por t ion  of the   secondary wave which 

exceeded  the  beginning  amplitude w a s  u t i l i z e d  as i l l u s t r a t e d  below i n   F i g u r e  

16. 

Types of Skin Potential  and  Heart  Rate  Responses 

Positive Uniphasic 
Inc. A 

"-1 "" 

Positive Diphasic 

Negative Uniphasic 

Negative Diphasic 

Inc. /"t, "I, "- + "- -"" 
Dec. Dee. I 

Figure  16 

There are problems  which  require   arbi t rary  solut ions.   (1)   For  a response 

to   be  counted  the  change for t h i s   s t u d y  m u s t  be  a t  least 0.2 mv in   ampl i tude  

within  1.0  second.  For SC the  change must be 0.05 micromho wi th in  5 seconds. 

(2) If the  recovery of a response is not  completed when another  response  of 

t he  same polar i ty   occurs   the   second  response  must  be  treated as another  re- 

sponse. If the  second  response  reaches a g r e a t e r   v a l u e   t h a n   t h e   f i r s t   o n e  
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(a l l  wi th in   the   spec i f ied   ana lys i s   epoch) ,   the  maximum value  of   the  second re- 

sponse may be  used as t h e  minuend  from  which the  ampli tude  of   the  var iable  a t  

the   beg inn ing   o f   t he   f i r s t   r e sponse  is subtracted  to   produce  the  response 

amplitude. Such a response is c a l l e d  a cumulative  response. (3) The re- 

maining  arbi t rary  considerat ion is t he  maximum i n t e r v a l  between t h e  m a x i m u m  

o r  end rise of   the  f i rs t   response  and  the  beginning  of   the  second  response 

so as t o   d i s t i n g u i s h  between d i s c r e t e  and  cumulative  responses.  This  value 

has  been set a t  twice t h e  time to le rance .  For SP i t  is 2.0  seconds  and  for 

SC it is 10  seconds. It should  be  emphasized  that  neither  frequencies  nor 

ampl i tude   d i s t r ibu t ions  are meaningful  nor  comparable  unless  such  scoring 

s tandards are followed  and  stated.  

There is as ye t  no clear understanding  of   the  s ignif icance of these  

d i f fe ren t   types  of skin  potent ia l   responses .   Chester  Darrow (1964),  Robert 

Edelberg  and David Wright  (1964),  and R. C. Wilcott  (1964)  have  presented 

t en ta t ive   exp lana t ions   bu t  a t  present  no general ly   acceptable   explanat ion 

has  been  presented. 

3. Resul ts .  

a. Base Levels. 

The tendency  for   the  schizophrenic   group  to   have  s ignif icant ly  

<p < .05) higher  average  base  levels  of palmar conductance  over a l l  four  ses- 

s ions   sugges ts  a h ighe r   l eve l  of ac t iva t ion   (Table   14) .  

Cold Preaaor 

c s  

2.63 3.51 

116.4 113.2 

1 3 . 3  73.0 

Table  14 
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The two groups   do   no t   d i f fe r   s ign i f icant ly  on SP o r  BP. It is not  known 

whether   higher   or   lower   skin  potent ia ls  are assoc ia ted   wi th   a rousa l .  But 

s i n c e  SP and SC f o r  mean base   l eve ls   have   on ly   ins igni f icant   cor re la t ions  

f o r   b o t h   c o n t r o l   ( r  = .26)  and  schizophrenic  (r  = .28) groups it  would 

appear   that  SP is not   an   ind ica tor   o f   the  same aspec t   o f   a rousa l   tha t  

SC is believed  to  be.  

Without   val id   base  level   measures   for   such  addi t ional   var iables  as 

hea r t  rate, pe r iphe ra l  plethysmogram,  muscle t ens ion ,  and EEG desynchroniza- 

t i o n  i t  would  be  hazardous t o   s a y  how the  two groups compared  on a c t i v a t i o n  

o r  how they  adapted  over  the  sessions.  As Lacey  (1966)  has  recently  pointed 

out  and Darrow (19421, Ax (19531,  Sternbach  (19601,  Lazarus  (1966),  and 

others   have shown, the   phys io logica l   ind ices  of a c t i v a t i o n  do n o t   c o r r e l a t e  

very w e l l .  We conc lude   t ha t   ac t iva t ion   o r   a rousa l  is  too global  and undifferen-  

t i a t e d  a c o n c e p t   a c c u r a t e l y   f i t   t h e   f a c t s .   I n d i v i d u a l s   m a n i f e s t   t h e i r  

ac t iva t ion   i n   un ique   pa t t e rns  and do so d i f f e r e n t l y   i n   d i f f e r e n t   s i t u a t i o n s .  

Much more research  is needed t o  relate p a t t e r n s  oE phys io log ica l   ac t iva t ion  

with w e l l  descr ibed  emotional   and  motivat ional   pat terns   in  many types 

of ind iv idua ls .  

The c o r r e l a t i o n s  between  base  levels  and  the  various  indices  of  response 

show a s i m i l a r l y   v a r i a b l e   p a t t e r n .  Of t h e   c o r r e l a t i o n s  computed  on ind iv idua l s  

f o r  SC between  base  levels and  response,  the  range was from  zero  to .74. 

For SP they are equa l ly   va r i ab le .  Such wide ind iv idua l   d i f f e rences  and 

var iab i l i ty   wi th in   ind iv idua ls   in   regress ion   of   response   ampl i tude   on  

base   l eve l  makes quest ionable   any  a t tempt   to  remove t h e   b a s e   l e v e l   c o n t r i -  

bution  from  response  amplitude.  There is l i t t l e  to  be  gained by at tempting 

to   app ly   t he  “law o f   i n i t i a l   v a l u e s ” ,   u n t i l   s t u d i e s  are done  which s u f f i c i e n t l y  
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control for the other determinants of  response  amplitude. The determinants 

other than base level include individual response specificity, type of 

arousal and contribution of other variables.  Many studies must be done 

to reveal the  true,  probably curvilinear, relationship between response 

amplitude and base level for  each  variable,  each type of stimulus and 

each  "type of subject" (if indeed  each individual is not a type unto himself). 

We come  to  this lamentable conclusion even  though we believe that the . 

contributions of psychophysiology to the study  of stress tolerance, motivation 

and emotional development  can be greatly  enhanced by the full exploitation 

of the true "laws of initial values."  Much research needs to  be done 

in  this  area. 

b. Orienting Responses. 

An important consideration for classical conditioning 

is for the conditional stimulus originally  not  to  elicit  much of an orienting 

response, or at least to  be relatively habituated, before conditional 

training is  begun. Minimal response to  the CS prior to conditioning makes 

it easier to show unambiguously that enhancement in response amplitude 

or frequency  of response has  been  achieved by the  training  procedure. 

There is  uncertainty  as to exactly  what  role  the amplitude of the  OR has 

for the course of conditioning. Often it  is found  that  for  pseudo-conditioning 

control groups where there is no pairing  of  CS with UR the OR habituates 

whereas for the conditioning groups the OR does  not habituate and is  said 

to have become the CR. Some experiments have  described increases in latencies 

as OR became CR  and others have even  described a third response called 

the anticipatory response, AR, which occurs just  before the US. These 

varieties of responses are probably  influenced by the duration of the 

CS-US interval, latencies of the response variable, etc. Since our primary 
,.,A 
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purpose  was  to  describe  the  differences  between  two  criterion  groups 

rather  than  detail  the  intricacies  of  classical  conditioning,  we  can  pursue 

this  problem  no  further. It is sufficient  to  note  (see  Figures 17 .to 24, next 

page)  that  the  healthy  control  group  had  larger OR at  the  beginning  of  the 

habituation  session  but  that  at  the  end of the  habituation.session  their 

mean OR was no larger  than  that  for  the  schizophrenic  gtoup.  Thus  the 

conditional  response  differences  between  groups  cannot  be  accounted for 

simply  in  terms of larger  responses  to  the CS prior  to  conditioning  nor  by 

the OR since  the  correlations  between OR and  mean CR are small, averaging 

.27 €or  the  control  group  and  .21  for  the  schizophrenic  group  (Table 15). 

ADAPTATION OF ORIEKIING ReSPONSES 

sc FP SPi " d  

C S P  C S P  C S P  C S P  

1st OR - 
last 3 hsb. ,373 ,022 - 11.73 8.02 - ,029 .039 - ,281 ,020 - 
2nd  Or - 
last 3 hab. ,244 ,070 - 1 L . 3 0  -5.01 - ,253 .OOL - .I66 ,007 - 
Comb. OR - 
last 3 hab. ,293 ,034 <.Ol  13.09 -2.11 .01 .I22 ,018 .05 .249 .a14 .01 

Table  15 

The OR habituation 

(Table 16) corre- 

lates  with  condition- 

ing  on  the  average 

considerably  better 
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for  controls  (.419)  than  for  schizophrenics (.252). 

It  could  be  that  two  factors  are  involved  here.  The  higher  initial 

OR for  the  healthy  group  may  represent  a  greater  sensitivity  to  their 

environment  and  their  rapid  habituation  could  be  considered  as  condi- 

tioning.  Conditioning  in  the  general  sense  is  modification of a  response 

with  experience  and  may  include  decreases  as  well  as  increases.  The  role 

of the OR ("sensitivity  to  stimuli  not  yet  classified  as  to  relevance") 

in  conditioning  is  not  well  understood,  although  it  could  be  argued  that 

for  a  stimulus  to  become  a  successful  conditional  stimulus,  it must be  taken 

cognizance  of  (responded  to)  in  some  manner  by  the  organism.  It  is  unknown 

to  what  extent  an  organism  will  develop  a  sensitivity  to  a  previously 

totally  ignored  stimulus  by  associative  conditioning. 

c.  Unconditional  Responses. 

A second  important  consideration  for  conditioning  is  for  the 

unconditional  stimulus  (US)  to  elicit  an  adeqbate  unconditional  response 

(UR). Reference t o  Figures 17-24 and  Tables 17 

RESPONSE AWLITUDES 

SC FP SPi SPd 

c s p* c 5 p +  c 5 ,P* c s "* 
CR 

Habituation  .21 .I1 NS 2R.44 27.55 NS .6R .50 NS 2.11 .55 .01 
1sr CondItioninR 
2nd Conditioning 

.49 .1b .01 11.98 11.47 .01 1.58 . 3 4  NS 2.79 . 5 3  .01 

.54 .16 .01 31.12 18.90 .01 1.58 .41 .05 2.11 -48 .01 
lsc 6 2nd Condic. .52 .16 .01 11.89 1 5 . 0 6  .01 1.67 .I8 .05 2 . 4 7  .I1 .01 
Extinction  .20 .I8 NS 29.99 40.71 NS .79 .SO NS 1.72 .A2 .01 

U R  

2nd CondlrioninE 
1st Condirionlna . h 3  .41 . 0 5  12.59 24.60 NS 2.24 1.10 .os 2.06  1.44 NS 

1st L 2nd Condit. 
.58 .51 NS 13.82 31.14 NS 1.12  1.01 NS 2.51  1.69 .05 
.61 . 4 8  .05 12.56 28.61 NS 1.68  1.07 NS 2.21 1.58 NS 

Am~lltudes for   he habituation  and  extinction  sessions are means o f  r-CRPOnSeS LO all tones.  Amplitude. for  
the cond1rionin.q sessions are means of the resnonses to the reinforced  tones (T and T ), and means of the 
responses co rhe  unconditioned  stimuli ( 5  and 5 ). 
*Kruskal-Uallis one way  analysis o f  variance 

I 2  
1 2  

Table 17 
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and 18 

shows t h a t  

both  the 

amplitude 

and f r e -  

quency  of 

UR appear 

adequate 

f o r   t h e  

CR 

Habituation 
1st  Conditioning 
2nd Conditioninn 
1st 6 2nd Condit. 
Extinction 

UR 

1st Conditioning 
2nd Conditlaning 
lac 6 2nd Condit. 

CR 

Habituation 
let CondltlonlnR 
2nd Condltioning 
lac 6 2nd Condit. 
Extinction 

UR 

1st ConditioninR 
2nd Conditioning 
1st 6 2nd Condic. 

PERCENT  RESPONSE  FREQUENCY 

sc F P  SPi 

c s p .  c s e .  c s n. 

72.7 59.6 NS 1 0 . 0  65.9 NB 20.3 28.3 NE 
93.7 59.1 . O O O O ~  91.1 43.1 .oooo3 18.1 17.1 8s 
91.7 61.2 .ooo16 89.4 63 .1  .0011 24.2 18.5 NS 
93.2 59.8 .oooo3 91.1 53.2 .oooo3 21.0 18.0 NS 
66.0 61.1 NS 71.1 6 9 . ~  NS 20.5 28.0 NS 

SP., 

c B r* 
67.1 19.3 ,0013 
81.2 19.9 ,0004 
70.1 42.9 .OOOR 
74.3 4 1 . 3  .on004 
57.1  35.6 .022R 

96.5 90.2 NS 94.6 78.6 . o n 7  35.0 23.7 NS 63.8 65.2 NS 

93.7 87.6 NS 93.6 83.0 ,0113 29.2 25.2 NS 67.8 62.2 kS 
90.9 84.5 NS 92.8 86.9 NS 24.4 27.3 PS 70.5  59.0 NS 

SKIN POTENTIAL SURNPES 

Positive  Uniphaslc Positive lliphasic Negative  Uniphaslc 

C 5 C S C 5 

3 3 . 8  21.7 1.2 0 
20.6 22.1 3.9  5.2 

39.4 46.2 
39.4  44.4 

2 6 . 4  22.6 2.8 2.6 40.6 45.8 

Nexative Dlphasic 

C S 

19.4 6.7 
14.5 6.0 

24.1 10.4 

9.5 5.6 
2 0 . 6  8 . 1  

24.4 19.0 

27.2 16.4 
31.1 14.6 

two groups. and  extinction sessions. For the conditioning sesslons t h e  percent frequenciea are L h w e  for the reinforced 
Percent  response  frequency is the percent of possible  responses  made LO a l l  three tones for  the  habituation 

tones (T and T ). and for the unconditioned  stimuli (5 and S ). 
1 2  I 2  

NO sub- 

j ect Table 18 

f a i l e d   t o   p r o v i d e  UR. The co r re l a t ions  between parameters of CR and UR 

are very low ( .01   to  .21) which s u g g e s t s   t h a t   i f  some minimal UR i s  pre- 

sent, i t  s u f f i c e s   f o r   c o n d i t i o n i n g .  

d. Conditional  Responses. 

*Hann-Yhitney u t e s t .  

The most remarkable  f inding is the  great ly   reduced mean condic 

t ional   responses   for   the  schizophrenic   group as shown in   Tab le s  17  and 18. 

Appropriate   probabi l i ty  tests of these  group mean d i f f e rences   i nd ica t e  i t  

is highly  improbable ( p  < .01) t ha t   t hese   d i f f e rences   cou ld   be  due t o  

chance. The percent  of cases c o r r e c t l y   c l a s s i f i a b l e  by these   s co res   i nd ica t e  

s e v e r a l   i n d i v i d u a l   s c o r e s   t o   b e   h i g h l y   d i a g n o s t i c ,   t h u s   i n d i c a t i n g   t h e   a u t o -  

nomic conditional  approach may have  considerable power as a d iagnos t i c  test. 

e. Tone Discrimination by CR. 

The response  discr iminat ion  between  the  re inforced  tones 

(TI, T2)  and the  unreinforced  tone (T ) shows e s s e n t i a l l y  no d iscr imina t ion  
0 

€or  the  schizophrenic  group  and  only  moderate  discrimination by t h e  normal 
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group (Figure 25 ,  Table 19). 

p m h o  

4 0  

.30 

.2  0 

. IU 

0 

- IO 

- 2 0  

H a b i t u a t i o n  

;KIN C O N D U C T A N C E  

D I S C R I M I N A T I O N   S C O R E  

F i r s t   C o n d i t i o n i n g   S e c o n d   C o n d i t t o n i n g   E x t i n c t I a n  

- C o n t r o l  ---- S c h i z  

Figure 25 

DISCRIMINATION  SCORES 

sc m 

c s  c s  

Habituatlon .08 .01 .05 9.31 . I 7  .05 

First  Cond. .17 .02 .01 -5.79 -6.07 NS 

Second Cond. . I 1  .02 NS -7.68 -6.37 NS 

Flrst and 
Second  Cond. .14 .02 .01 -6.52 -5.47 NS 

Extinction .Ol .05 NS 1.23 1.88 NS 

Discrimination Score = (T + T )/2 - T 
1 7  0 

SP . 

c s  

.22 -.03 .os 

.oa .oo NS 

.I1 -.07 NS 

" d  

c s  

.IO . 2 1  NS 

.5a .06 .n5 

. l 8  -.03 NS 

. I 1  -.02 NS 

-.01 .I7 NS 

.I8 .02 .01 

.2S .21 NS 

The curves  do  not 

suggest any im 

provement i n   d i s -  

crimination  with 

increas ing   t r ia l s  

a f t e r   t h e  middle 

Table 19 of   the  f irst 

condit ioning  session.  Any discrimination  that had developed  during  the  rein- 
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forced  period  promptly  disappeared when reinforcement w a s  omi t t ed   i n   t he   ex t inc -  

t i on   s e s s ion .  

The s igni f icant ly   g rea te r   d i scr imina t ion   demonst ra ted  by Fhe c o n t r o l  

group  shows t h a t  at least a p a r t   o f   t h e   c o n d i t i o n i n g   s u p e r i o r i t y   o f   t h e  con- 

t r o l  is  due to   d i sc r imina t ive   l ea rn ing   and   no t  mere s e n s i t h a t i o n  as could 

be  claimed  for  the  greater  frequency  and  amplitude  of  the CR s i n c e   t h e r e  

w a s  no  control  for  pseudo-conditioning. 

f .   Var iance   in   La tenc ies .  

S t i l l  another  measure  of  response  to  the CS is  the   va r i ance  

in   l a t ency .   I f   t he   r e sponses  of a subject  have a s i g n i f i c a n t l y  smaller var-  

iance  than would  be  expected by chance t o  randomly selected  periods  where no 

exper imenta l   s t imul i  were given, i t  is demonstrated  that a t  least  some of h i s  

responses  measured  during  the  stimulus are e l i c i t e d  by the   s t imulus .  

Since  the  la tencies   to   an  imaginary random st imulus would  have a uni- 

form random d i s t r i b u t i o n   t h e   t h e o r e t i c a l   v a r i a n c e  would  be: 

o2 = ( a  - ~ ) 2 / 1 2  

where a is the  lower  boundary  and B the  upper  boundary of the  range.  Since 

our   condi t ional   s t imulus  per iod was 5.8 seconds  the  theoret ical   var iance is 

2.83. It  w a s  found  for GSR l a t e n c i e s  of CR f o r  8 trials s e l e c t e d   f o r  b e s t  

discrimination  between  groups by GSR CR ampli tude  that   the  18 normal  subjects 

had s i g n i f i c a n t l y  smaller than  chance  variance  in  latency  whereas  only  13  of 

23 of   the   sch izophrenic   pa t ien ts  had  such  small   latencies  (variances were 

no t  computed f o r   f i v e   s u b j e c t s  who had less than  three  responses) .  

This   f inding  suggests   that   about   half   of   the   pat ients  were not  re- 

sponding t o   t h e   t o n e s   s i g n i f i c a n t l y  more than  chance. One can  confident ly  

conclude  that  a t  least t h e s e   s u b j e c t s  and those  with  too f e w  responses   did 
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not  condition  probably  because  their  responsiveness  to  the CR was  too 

small or inconsistent  to  enable  conditioning. On the  other  hand  those 

who  had  significantly  smaller  than  chance  variance  in  latency do not  by 

that  fact  alone  demonstrate  conditioning.  Their  responses  to  the  tones 

could  mean  only  that  they  were  continuing  to  make  orienting  responses 

to  the  CS  with  neither  normal  adaptation  of  the OR nor  with  any  enhancement 

due  to  conditioning.  Without  additional  control  groups  for  pseudo-conditioning 

for  which  the  CS  and US are  given  but  not  paired,  it  is  impossible  to 

distinguish  between  "true  conditioning"  and  sensitization  or  failure  to 

habituate  the OR. 

g.. Combined  Scores. 

By  combining  several  of  the  conditioning  measures  (Table 

SUFWATEI) SCORES 

1 React. 1 Cand. I DISC. t CP t Tor 

cont. .459 , 9 3 9  ,505 . 7 1 5  ,656 

Schir. -.295 - . b o 2  -. 352 - . & 7 U  , 4 3 1  

Dif f. .753 1 . 5 4 1  ,857 I.IR5 1.067 

Prob. < .02 < .01 < .u1  < .u1 ' .u1 

Reactivity - (1) Mean FPdec and SCinc t o  4 pain stimuli ac end of e x r i n c r i n n  + 

( 2 )  local FP and SC response LO T , S and T , S for 1st  and  2nd 
I 1  2 2  

conditioning + 

( 3 )  FP decrement p l u s  SC increment during CP ~ess.100. 

conditioning - SC + FP + SFdef CR amplitude + PP I frequency for  1st and 2nd 

conditioning. 

E Disc - (T + T ) /  - 1 for 1sr and 2nd conditioning for  SC and SP 

t CP - (HRi + SCi + BCi) - (DBPi + Mi + I GSR) f o r  Cold Pressor. 
I 2 2  0 d' 

Table 20 
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Figure 26 

which bes t   d i s t inguish   be tween 

t h e  two groups it is poss ib l e  

t o   c l a s s i f y  87% o f   t h e   t o t a l  

g roup   cor rec t ly   wi th   on ly  3 

normals  and 3 p a t i e n t s  mis- 

c l a s s i f i e d .   T h i s  is t h e  

same percent   cor rec t  classi- 

f i c a t i o n  as f o r   t h e   s i n g l e  

bes t   condi t ion ing   score  

which impl ies   tha t   the   au to-  

nomic condi t ioning is simil- 

a r l y   r e f l e c t e d   i n  a l l  3 var-  

iables .   Probably much of t h e  

var iance   no t  common to t hese  

condi t ion ing   var iab les  is 

due to e r r o r .  

However i f  we add to the   condi t ioning  scores   an  index  obtained  f rom 

the   phys io logica l   response   scores   to   the   co ld   p ressor  tes t  (Table 21, 

HR 

SBP 

DBP 

BCC 

m 
SC 

I CSR 

RR 

C 

63.4 

116.4 

73.3 

.7+ 

.43 

2.63 

.59 

15.9 

COLD  PRESSOR  SCORES 

REST 

S P  

70.0 

113.2 

13.0 

.75 

.40 

3.60  N.S. 

1.18 N.S. 

15.1 

INC 

C S P  

30.0  26.8 

17.b 21.3 N.S. 

14.3  14.8 N.S. 

26.2% 16.9% .05 

a.8z 4 1 . b  

4.06 2.65 .O l  

2.15 1.02 .01 

5.3 5.4 N.S .  

DEC 

C S P  

8.0 6.1 N.S. 

23.22 21.4% 

76.32 63.12 .01 

- 3.6  2.0 

Table  21 
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Figure  26) done   on   the   f i f th   day  of t e s t i n g  w e  f i n d   t h e  number  of misclassi- 

SUMMARY SCORES f ied   subjec ts   reduced   to   one  

.6 .9 I I C  
E I S  cont ro l   and   one   pa t ien t .  A 

review  of  these two misc lass i -  

f i ed   sub jec t s   con f i rms   t he  

p a t i e n t   t o   b e   c l e a r l y  a chronic  

schizophrenic   with  no  s igns  of  

I 

I improvement. The case h i s t o r y  

of   the  control   subject   does  r e  

veal some d i f f i c u l t i e s   i n   g a i n -  

React. Cond. Disc. C. I? Total 

Figure 27 
ing  emotional   matur i ty   with  one 

seve re   p sych ia t r i c  breakdown  but cur ren t ly   he  is func t ioning  w e l l .  Obviously 

our   measures   conta in   enough  e r ror   to   read i ly   permi t   th i s  much f a i l u r e  

i n   c l a s s i f i c a t i o n  even i f   o u r   b a s i c   v a r i a b l e s  were pr imary  to   schizophrenia  

which as ye t  is quite  unconfirmed. It is to   be  expected  that  upon r e p l i c a t i o n  

these  combined bes t   d i scr imina t ion   scores  would inev i t ab ly   r eg res s  somewhat 

i n   t h e i r   d i a g n o s t i c  power. 

As y e t  w e  have   no t   had   an   oppor tuni ty   to   u t i l i ze   the   response   ampl i tudes  

t o   s t a n d a r d   p a i n   s t i m u l i  as poss ib l e   co r rec t ion   modu la to r s   fo r   t he   cond i t iona l  

responses ,   but   they are inc luded   in   Table  22 as a bas i c   pa r t   o f   t he   f i nd ings .  

BASE LEVELS AND RESPONSPS Tfl L P A I N  TTl'n'l.1 FOLLnUIHC THF FXTlYCTlON SFSSION 

Intensity 
Stimulus 

ma 

2.5 

3.5 

L . 0  

4.5 

Shtn Conductance 

Control 
N-I1 

Schizophrenics 
2.21 

Base R W O W  R.S~ R C S D O ~ ~ ~  
(mho)  (umhn) (mho) (mho) 

2.85  .53  4.25 .93 

2.71 7 4  4.41  1.02 

2.59 1 .1R 4.42 1.27 

2.62 1 . 3 7  4.44 1.35 

~ a s e  nespOnse oa5. R~~~~~~~ 
(mv) (7. Chanae) ( m v )  ( X  Chanle) 

15.2 32.5 19.1 42.4 

16.5 34.3 21.8 49.1 

15.8 3Y.I 21.R 51.6 

17.2 36.8 19.8 52.3 

, 
Table 22 
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Other   a spec t s   o f   a .ba t t e ry   fo r   bes t   d i sc r imina t ion  between two groups 

should  include: (1) an   i nc rease   i n   t he   r ange   o f   d i f f i cu l ty   o f   t he  items so 

as to   op t ima l ly  test each   subjec t   regard less   o f   h i s   ap t i tude ;  (2) t o   o p t i -  

mize t h e  test item combinations by the   d i scr iminant   func t ion ;  (3) t o   r e p l i -  

cate on new and larger   groups;  and (4) t o   pu r i fy   o r   subd iv ide   t he   g roups   i n to  

more  homogeneous categories .   This  last not ion   of   subdiv is ion  is very impor- 

tant.   There are usua l ly  several mechanisms by which  an  individual  copes 

w i t h   h i s  problems. Some of t hese  mechanisms such as "passivi ty"  and  "aggres- 

siveness" which  might serve f a i r l y  w e l l  by themselves, i n  combination may 

e l ic i t  maximum retal ia tory  react ion  f rom  the  environment   and  cause  great   d is-  

tress. Such incompat ib le   o r   conf l ic tua l  mechanisms may e x i s t  a t  the  psychol- 

og ica l   (behaviora l ) ,   phys io logica l ,  and  biochemical  levels.  Our test  p r o f i l e s  

must t a k e   i n t o   c o n s i d e r a t i o n   t h e s e   v a r i o u s   s t y l e s  of  adjustment. 

Simple l i nea r   combina t ions   su i t ab le   fo r   on ly  monotonic var iables   such 

as the   l inear   d i scr iminant   func t ion   cannot  do t h i s .  The genera l   f ind ing   tha t  

samples of   schizophrenic   pat ients   near ly   a lways  have a wider  range  than  nor- 

mal on near ly  a l l  tests s t rongly   sugges ts   tha t  two o r  more  mechanisms are 

i n v o l v e d   i n   t h e i r   d i s a b i l i t y .  The f i r s t   s t e p   u s u a l l y  made i n   t h e   a t t e m p t   t o  

recognize   th i s   he te rogenei ty  is t o   c l a s s i fy   s ch izophren ic s   i n to  two groups 

on the   bas i s   o f  some var iab le .  The presence  or  absence  of a blood serum 

f a c t o r  (Frohman, e t  al.,  1961) or   nor-epinephrine- l ike  response  to  stress 

(Funkenstein, e t  a l . ,  1957; Ax, 1953) are examples.  Since  such  variables 

can  operate  in  combination  with s t i l l  q u i t e  unknown resul ts ,   they  need 

t o  be  simultaneously  recorded  and  uti l ized  together.   This  multiple  variable 

team approach is being  attempted at The Lafayette  Clinic.   Although w e  

had i n  c0mmon.a subs tan t ia l   g roup 'of   sch izophrenic   pa t ien ts  on whom we 
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can   in te rcor re la te   our   var iab les ,   our   cont ro l   g roups  were n o t   i n  common 

and  thus  our  comparisons are incomplete. 

h.  Non-Schizophrenic Low Motivation  Subjects.  

I n   o r d e r   t o  test  our   hypothesis   that  low a p t i t u d e   f o r  

autonomic  conditioning  should  have  profound  relationships  to  social  mal- 

adjustment  other  than  schizophrenia w e  a t tempted  to  test  a sample of sk id  

row habi tues  who have a l i f e   h i s t o r y   o f  low soc ia l   mot iva t ion .  Only four  

of   these were successful ly   recrui ted,   demonstrated  to   be  f ree   f rom  physical  

and psychotic  pathology  and who would come i n t o   t h e   h o s p i t a l   f o r  two weeks 

fo r   t he   d i agnos t i c  workup and psychophysiological   tes t ing.  The scores  

analyzed  on  these show very similar r e s u l t s   t o   t h o s e  found for   the   sch izophrenic  

group. The condi t ioning  scores  were as low o r  lower  than  for   schizophrenia  

and the  uncondi t ional   response  to   the  pain  s t imulus w a s  lower   for   sk in  

conductance  but   essent ia l ly   normal   for   f inger   pulse .  Base l e v e l   f o r   s k i n  

conductance was low, BP was high.  There were many circumstances  such 

as age,   a lcohol ism,   chronical ly   poor   diet ,  etc. t h a t  make these   sub jec t s  

unsatisfactory.  These  were  the main reasons why more were  not  tested.  

Ins tead  w e  undertook a research program  (with  Department  of  Labor 

a s s i s t a n c e )   t o   s t u d y   s t u d e n t s   i n   t h e   v o c a t i o n a l   r e t r a i n i n g   s c h o o l s  most 

of whom were school  dropouts and a d u l t s  who have  had a long   h i s tory   o f  

low achievement.  These  subjects w i l l  b e   c l a s s i f i e d  as to   evidence  of  

motivat ion  and  a lso compared to  other  groups  comparable  with  regard  to 

race, education,  socio-economic  origin, I . Q . ,  personal i ty   var iab les ,   age ,  

e tc . ,   bu t  who d i f f e r  markedly  with  regard  to  achievement and s o c i a l  

motivation. 
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B. Physiological  Concomitants  of  Psychological  Differentiation. 

The  results of the  conditioning  experiment  indicated  there  was  rela- 

tively  little  autonomic  discrimination  between  the  three  tones.  The  question 

was  raised  as  to  what  subject  characteristics  might  relate  to  the  discrimina- 

tion  variable.  Mr.  Courter  and  Dr.  Watttenmaker  were  graduate  students 

in  psychology  at  Wayne  State  University  and  also  were  research  assistants 

in  our  laboratory.  They  designed  this  experiment  (Courter,  .Wattenmaker 

and  Ax,  1965)  to  relate  the  cognitive  style  of  "field  independency"  with 

autonomic  differentiation.  Field  independency  was  measured  by  a  'Iclosure 

flexibility  test"  a  form of imbedded  figures  test,  and  a  "verbal  concept 

attainment  test".  Forty  normal  college  students  served  as  subjects  and 

were  grouped  into  relatively  higher  and  lower  field  independency.  The 

group  having  the  greater  field  independency  very  significantly ( p  < .01) 

better  discriminated  the  tones  by  their GSR responses.  "This  study 

demonstrates  that  the  stimulus  generalization  gradient  involves  an  interaction 

between  the  cognitive  style of the  organism  and  the  impinging  stimuli, 

not  merely  the  quantitative  physical  characteristics  of  the  stimuli". 

These  findings  further  suggest  that  the  field  dependent  person  may  have 

a  functionally  less  well-differentiated  autonomic  nervous  system. 

More  research  will  be  required  to  describe  the  functional  relationships 

between  perceptual  discrimination and autonomic  differentiation  and  the 

role  learning  plays  in  both,  and  their  interactions. 
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I V .  Conclusions. 

The d e s i r a b i l i t y  of u t i l i z i n g   t h e   d i g i t a l  computer fo r   p rocess ing  psycho- 

phys io logica l   da ta  is mre obvious  than ever. Th i s   s tudy   has   c l a r i f i ed  

somewhat the  problems i n  doing so and the   spec i f i ca t ions   r equ i r ed   fo r  a 

pract icable   system. The d i f f i c u l t i e s  which we experienced were due t o  an 

underestimation  of  the  magnitude  of  the  task and an  over-estimation  of  our 

engineer ing  resources .  The best  approach now (1967)  would  appear t o   b e   t h e  

use  of  an  on-line  type  of  computer  with  integral AID and D/A converters  and 

sampling  under  computer  program  control.  Both  analog  and  digital  tape  storage 

should  be  provided as backup when the  computer is  no t   ava i l ab le   du r ing   da t a  

a c q u i s i t i o n   o r  when more computing is required  than  can  be  done i n  real  time 

o r  when much less computing is required  than real time requ i r e s  SD as to   enab le  

t h e  computer t o   u s e  its f u l l  speed  potent ia l  by tape  speedup. 

Signal condi t ion ing ,   inc luding   au tomat ic   ed i t ing  by pa t t e rn   r ecogn i t ion  

and less exo'tic  methods,  should  be  done  both by analog  and  digi ta l  methods a t  

var ious  s tages   of   the   s ignals '   progress   through  the  system. An optimum com- 

promise  between  early  on-line  analog  signal  conditioning and la te r  d i g i t a l  

manipulation must  be worked ou t  so as t o  maximize s igna l /no i se   r a t io   unde r   t he  

c o n s t r a i n t s  of engineer ing and appa ra tus   cos t s ,   s igna l   d i s to r t ion   ( such  as l a g s  

due t o   a n a l o g   f i l t e r i n g )  , d i g i t a l  computer  speed,  computing  costs  and time 

ava i l ab le .  The nature   of   the   var iable ,   the   parameters   desired  f rom i t ,  and 

the   l oca l   s i t ua t ion   w i th   r ega rd   t o   eng inee r ing   soph i s t i ca t ion ,   appa ra tus ,   and  

funds  avai lable  a l l  e n t e r   t h e  compromise equat ion.  

Sampling rates and  resolut ions  should  be  kept   to  a minimum r e q u i r e d   t o  

provide  the  information  desired  s ince  the  cost   of   digi ta l   computing is 
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roughly  proport ional   to   the number of   b i t s   to   be   p rocessed .   F lex ib le  

sampling rates under  computer  program  control  can  often save a g r e a t  

deal  of  computing time. 

The system must be   ea s i ly   ca l ib ra t ed  by the   regular   opera tor   o f   the  

acquis i t ion  system on a d a i l y   b a s i s   o r  mre f requent ly   i f   necessary .  

Idea l ly  where small drif ts   cannot   be  avoided a c a l i b r a t i o n   s i g n a l   f o r   t h e  

va r i ab le  which i t  ca l ibra tes   should  be per iodical ly   updated  (manual ly   or  

automatical ly)   and  carr ied  a long  with  the  s ignal  and made a v a i l a b l e   t o   t h e  

computer  program  which  should  be ab le   to   normal ize   the  computed va lues   to  

the   s tandard   ca l ibra t ion .  Time code  event mark and I D  mark must be  pro- 

vided  for  both  polygram  and  magnetic  tape  and a tape  search  system  pro- 

vided so as t o   l o c a t e  any record,   event ,   or  time on the  analog  record.  

Ideal ly ,   these  codes  should be automatical ly   converted  to   appropriate   digi-  

t a l  values  so as to   avoid  human work and e r r o r .  It might appear t h a t   t h e  

above  recommendations are merely  obvious good engineer ing  pract ice .   In  

t h e   p r a c t i c a l   l a b o r a t o r y   s i t u a t i o n ,  however,  numerous  compromises m u s t  

be made. We have  found  the  above  considerations  to  be  essential  minimal 

requirements  that  cannot  be  ignored. 

Our computing  programs  have  not  been  used  enough to   p rovide   the  

experience  necessary  for   any  conclusions  or  recommendations  beyond t h e  

r a t iona le   fo r   t he i r   des ign .  The response  approach  and  correlations 

among parameters of  responses  matched  for  minimal  variance i n   l a g   a p p e a r  

t o  be a use fu l  and theore t ica l ly   va l id   approach .  

The findings  that   the  parameters  of  autonomic  conditioning  and  the 

epi-norepi-l ike  physiologic  response  patterns  have  great  diagnostic 
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power  indicates  the  method  is  well  worthy  of  further  study  and  application 

to  other  groups  of  interest.  While  there  is  still  much  to  be  learned 

by  the  classical  conditioning  method  of  autonomic  processes  in  humans, 

the  instrumental  method  may  prove  even  more  fruitful.  Classical  conditioning 

with  laboratory  stimuli  may  fail  to  involve  the  basic  motives  sufficiently 

to  tap  the  significant  aspects  of  human  life.  Instrumental  conditioning 

which  makes  the  reinforcement  contingent  on  the  physiologic  response, 

on  the  other  hand,  is  more  potent  in  getting  involvement. It also  appears 

to  be a  better  fit  with  natural  real-life  learning.  Accordingly,  a 

next logica1,step in  the  development  of  physiological  indices of stress 

tolerance,  motivational  aptitude  and  emotional  development  should  involve 

instrumental  conditioning  of  autonomic  processes. 

Finally  an  area  of  motivation  as  much  in  need  of  clarification 

as  the  aptitude  for  motivational  learning  is  that  of  current  motivation. 

All  performance  tasks  including  intelligence,  personality  and  aptitude 

tests,  as  well  as  our own tests  of  motivational  aptitude,  are  influenced . 

by  the  current  motivation  as  they  are  by  the  aptitude  under  test. It 

would  be  of  great  value  to  have  an  index  of  current  motivation  independent 

of  the  performance  and  of  antecedent  conditions  such  as  instructions, 

deprivations,  or  promises.  We  have  made  this  investigation  our  highest 

priority  for  our  next  study.  During  a  standard  tracking  task  which  serves 

as  the  criterion  of  motivation  the  physiological  parameters  of  arousal 

will  be  monitored  during  several  intensities  of  positive  (money  and 

visual  feedback)  and  negative  (pain)  reinforcement.  Conflictual  motives 

and  anxiety  will a lso  be  investigated  to  determine  whether  they  have 
I 
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characteristic  physiological  patterns  which  can  be  identified  and  removed 

from  the  physiological  indices of the  arousal  related to the  criterion 

performance.  The  characteristic  physiological  patterns  of  pleasant 

and  unpleasant-reinforcement  will  be a very  interesting  byproduct  of 

this  study. 

These  studies  can  be  of  value  to NASA and the  theory of human  motiva- 

tion  by  demonstrating and describing  some  of  the  relationships  between 

physiological  response  and  the  motivation  aspect  of  performance  efficiency. 

To the  extent  that  positive  results  are  obtained,  the  prediction  equations 

can  indicate  how  indices  of  physiological  response  can  be  used to monitor 

the  motivation  being  brought  to  bear  on  performance and learning. 
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Table 2 

l D i ; I , K  IS 
I I P F  

5 1 5  
5 1  7 
519 
571  

5 7 5  
579 

577  

5 3 1  
5 7 5  

5 7 5  
5 3 3  

5 3 7  
5 3 9  
5 4 1  
5 4 3  

547  
5 4  5 

551 
5 4 9  

5 5 1  
555  
5 5 7  
5 5 9  

5 h 3  
5 h  1 

5 6 7  
565  

5 6 5  
57 I 

I 573  

5R9 
59  1 

593  

597  
595  

60 1 
5 9 9  

h 0 7  
hn 5 

609 
h l  I 
h l 9  
h l 5  
0 1 7  
h l 5  
671  
h 7 3  
6 7 5  
6 2 7  
67 9 
h l l  
A l l  
615  
637  
h 3 9  

hn 7 

Wt7520206010 

7 0 7 3  7 C h 9  
7 C 5 1  7C51 

197?  107C 
1974  1477 

200R 2?14 

?PO4 ZC92 

1 4 9 7  I A R 6  
1 9 5 5  1970 

1 H 6 R  If764 

I844 1 4 4 1  

1900  I R 9 6  
l R 5 5  1 9 4 7  

2ot .1 7 r 5 7  

7 0 4 1  7n3n 

2045 708.7 

I n 3 4  I R Z H  

2 0 7 ~  2n73  
7cc4 7cn2 
2224  7771  
2 1 2 1  7117  
2 0 V h  2 - 9 3  

?"I 7075 
2 9 8 1  7 9 5 1  

7093  2 - H R  
2 2 6 1  7 7 b 3  
7 3 1 h  7014  

7777 2775  
7027 2327 
7 1  47 7 1 3 4  
7 0 3 1  7 c 3 4  
7 ? 5 5  2 2 5 1  
7 1 6 0  7 1 6 1  
717n 7 0 2 7  

7 1 7 5  2 n 6 5  
7 1 4 3  2 1 1 5  

? O R 1  ? O H 7  

7070  7 0 2 h  
l Y / h  197h  

7028  2C7h 
1974   1974  

7037  2 0 3 4  
7 0 7  7 70 1 5  

7 1 3 9  2 1 4 1  

1953 1952  
I 0 R 7  1VH4 

7 3 1 7  7 n l z  

7 0 4 ~  2 1 m  
77117 2 ~ ~ 6  
1 9 3 9  1919 
I H 9 R  1900 

7 2 2 1  

71 3 1  

7 7 5 3  
7 0 3 1  

7 1  60 
7PIH 

21)(.4 
7042 

7041  

7 0 7 4  
l V 7 4  

1971  
1970  
7') I h  

?I 3 9  
2 C 3 7  

? P I 0  

Z C I 3  
1 9 5 0  

7 1 2 4  
7 0 r h  
I V  3 H  
l H 9 H  

7c7 I 

2153  7 1 4 5  2 1 4 8  7 1 4 5  2175   7175  2 1 8 1  2 1 R 5  2 1 8 5   7 1 7 5  

2042  2078 2 1 1 3  2115 7 1 1 3  21-5 7 1 P 9  2111  ? I l l  7 1 0 5  
2 C 7 4   2 0 7 3   I 9 7 3  1 9 R h  1 9 R 2  1 9 7 4  I9Rn 1987 19R1 l 9 7 h  

2075   2969   2071   ? "73  2 n b 9  Zn64 7 - h R  2n71   7n71  7"h4 

2"14 

2 - 1 7  
71 7 3  

7 2 5 3  
2 1 5 7  
2 0 1 7  
21 4- 
71 7 5  

7 - 7 1  
7044  

I 9 R 4  
1 9 7 0  
? P ? h  
2 0 5 1  

7 1  5 9  
I971 

19h5  
1 9 4 R  
19R? 

7 - 7 9  
! 9 7 4  
1 9 9 7  
1924  

7n4.5 
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Table 2, Contd. 

T I M F  

51 5 
5 1  7 

571 
5 1 4  

571 
5 7 5  
5 7 7  
579  
511 
5 1 4  
515 
517 
5-49 
5 4 1  
5 4 3  
5 4 5  
547  
5 4 9  
551 

5 5 5  
551 

5 5 7  
559 
5h  I 

5h5  
51, 3 

5h 7 

V A H I  A H L E  NO. 3 

2 3 n 5  
2 2 4 9  
2 3 P 9  
2 3 6 3  
2255 
2 2 9 3  

2 2 5 h  
2 3 2 n  

24n 5 
2 5 R 8  
2 1 4 1  
I 7 6 2  
1460 

1 5 4 2  
I 4 3 4  

173-  
l 6 C 6  

I 7 h 9  
I n5fl  
I R 7 b  
193H 
7079 
2 0 h 4  
7116 I 
21h5  
2 1 7 2  
2 1 7 9  

? ? I  I 

7 2 1 h  7 7 1 7  7 7 3 9  7279 7 2 h 4  22'31 2301  228f l  2785  7 2 9 9  
7 7 7 3  7 7 9 3  7 3 0 0  7 7 5 4  7 7 7 7  7 7 3 3  7 7 4 1  2 7 3 1  7 7 3 0  2 7 4 1  
7 7 9 1  7 3 1 1  7109 7 1 8 9  77R4 2256  2305 2297  7 7 1 9  2 3 0 0  

? 7 7 l  ? 2 H 5  7 7 R Y  7 2 7 5  72 t -7  72HI  7 7 9 1  2 2 7 1  t 2 4 3  ? 2 4 7  
7 7 H 9  73/19 7 3 1 1  7797  2293  73013 2315 2 7 7 5  270'1 ? ? H I  
7777  7 7 5 0  7105 7791 229P 7 3 0 1  ? I n 9  7 7 0 7  77 '13  7 3 0 9  

7197  7 3 1 5  7171  7110  ?in7 73111 2 3 7 4  7 3 1 1  ? W ~ I  2 5 4 1  

7 2 9 3  2 7 8 9  73-9 
2719  2 2 5 1  2 2 8 4  
2777 2 2 6 3  7 2 8 1  

2241 7 2 3 1  2754  
2355 2354  7 3 7 i  

2 7 7 1  2273  2791 

7-41 7 7 3 1  2 2 4 3  

551  7 \ 5 9  7 5 7 5  
3 7 3  1 7 1 1  7 3 3 9  

7 I 5  3 
71'4h 
7 5 7 1  
? ? h 5  
I 9 3 6  
I5111 
13Ah 
1 4 h 2  
I 5 h 7  
I 5 9 4  
1 A 9 4  

I H 4 5  

1972  
I PHh 

I ci I, ' ,  

I n l n  

7 0 ~ 4  
7 r 7 1  
7CH7 
2 1 4 7  

7309 
7 1 1 s  
? 547 
7777 
I 7 7 3  
I b l h  
l 4 0 ( ~  
I 4 75, 
I 5 7 7  
1 6 5 7  
1 1 3 1  
1 8 3 0  

2752 
7 3 3 )  
7 5 5 3  

17R2 
I S 3 7  
1 4 7 5  
1 4 9 4  

I 7 2 4  
I 7 4 9  
I R 4 7  

7 1 5 0  

t m c  

I Z H  2117 ? I > H  
777 17h3  1 7 7 7  
4 7 7  1 4 4 1  1 4 4 6  

I A 5 7  I H 4 2  

1994 I 9 H h  
I R74 I Rh4 

2 0 1 6  ?Chh 
1977  I Y 1 . h  

1'09R 2@HV 
1 ' 9 H V  ? O H 0  

70fl7 7097 
Z l h l  ?I51 

7273  7 7 7 1  
7 1 H I  7175  

7 2 1 3  2 1 9 9  
1997 197R 
1 5 3 3  l 5 L R  

2173  
7 0 7 9  
7 7 r 7  
7 7 4  7 

7 0 2 0  
7 1  R4 
71 92  

-I- 
2 2 6 1  775A 2247 7 7 h l  ? 7 7 4  7757 7757 7 2 7 1  7 7 R 5  77hR 
7191 2 1 4 5  2175  2114 2 1 5 3  2137 2 l 2 R  7 1 4 6  Z l h 3  2141 
1775  171- 16Rb lh9H 171" l h U 7  Ih8? 1699  169n 1 5 h 7  
L44h 1 4 3 3  1427  1437 I451 1 4 3 6  1 4 2 5  1441 IlRh I111 

7 760 
7 0 4 7  
I 5 7 7  

2 2 7 9  
7 0 P b  
1 5 4 5  

I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 

I I '  
1 
1 
I 
1 
1 
1 
1 
I 
I 
I 
I 

l P h b  
I O h h  
I nor 
1 1 4 0  
I 7 5 H  
I705 
I 3 7 7  
I i 7 8  
I l l 0  

104- 

1 1 1 4  
1Q73 

1 7 5 4  
1 7 7 4  

1 7 0 7  
1 7 9 1  

I354 
l 7 1 1 V  

5 R 9  
59 I 
591 
545 
59  7 
5 9 9  
60  I 
hP 3 
h 0 5  
hl l7  
h n 9  
h l  I 
h l  1 

h17 
h l 5  

0 7  I 
01 q 

h 7  1 
h75 
h 7 1  
h 7 9  
h 1 l  
h33 
h 4 5 
h.+ I 
h 4 9  

7 h 6  
?94 

7-44 
1 4 h  

27R 

l h l  
134 

15 f l  
3n 5 
7 q 1  
1 4  - 
3h? 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1' 

I 
I 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

3 G P  1154 I 1 7 3  1 3 5 5  I Ill 1347 I 
1 
I 
I 
I 
1 
I 
I 
I 
I 

1415 14-5 1 4 1 8  
I154 1 7 4 h  I3h l  

1 4 5 3  IC39 1 6 5 7  
14hh  1 4 5 4  147" 
1 5 3 4  15?7  1 5 4 1  
1 5 5 9  1554 I 5 7 1  
1 5 4 2  IC174 I 5 9 2  
166-4 I h k q  l h b 7  
l h O 5  lhR7 l h 9 R  
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Table 2, Contd. 

1 l M F  V A P l  AHLE NO. 1 7  

51 5 I316 
5 1 9  
5 7 3  

1 3 9 4  
13HR 

577 13'84 
5 7 1  1 4 1 0  
5 3 5  
5 3 9  

1 4 3 H  
1 4 9 3  

54 3 
54 7 

1 5 0 7  
1 4 1 1  

551 I474  

397  I 3 9 3  
7 9 4  1390 
3 9 c  13117 
39R 1 3 9 6  
414 1 4 1 3  
451 1 4 5 2  
4 9 H  1 4 V 6  

4 R h  1 4 A 4  
470 1 4 6 5  

5n7 1 4 ~ 9  

394  

1 H R  
390 

4 1 4  
3 9 9  

4h  1 
4 9 7  
499 
4H4 
4 h 4  

I 3 9 4  
I390 
I 3 R 7  
l39R 

I 4 6 9  
I42P 

1 4 V 9  
I 'I '3 H 
14H7 
1461 

5 9 5  
599 
h 0 3  
60  7 
6 1 1  
h 1 5  
h l 9  

h 7 7  
6 7 7  

h 3 l  

6-49, 
6 3 5  

I l M F  

5 1 5  
5 7 7  
5 7 9  
5 5 1  

1515 1 5 2 7  
1608 I h l l  
1624 1676  
1 6 1 5  1616  
1604  1604 
I590 1 5 9 7  

1 5 b C  1 5 6 4  
1 5 4 6  1 5 4 9  

I S R C  1 5 8 7  

I 
1 
I '  
I 
I 
I 
1 
1 
I '  

1 5 2 8  1 5 3 1  
1 5 1 8  I571 

I 
1 

1506 1 5 1 0  15'14 
1 5 7 0  l 5 7 H  1 5 7 7  
1514  1542 1514 

5 2 4  
5 1 4  

139?  

I 3 R 4  
1 3 4 6  

147 '7  

1 4 9 7  
147"  

1 4 9 2  
1477  

I 4 - p  

I 4 5 a  

I 3 9 6  

1392 
I39?  

14?h 
I479 

I 5"'. 
1 4 4 5  

144- 
I494 

1 4 6 2  

2 1  
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* f  LISTING FOR 10 04/5202G6010 V A K  1 H E A R T   P E W i O D  IN S E W  

- T I M E  TYPE  AHPL CUR V 1 I H E  T Y P E  AMPL CURV 

421.0 
423-0  
422.4 
424- 1 
426.2 
426- 9 
427.8 
429-0 
571 .o 
572.0 r 577.5 
5- -0 
5 6.5 
5: 7.0 
577.8 
577.8 

580.0 
570.5 

5 8 0 . 4  
5 8 2 - 4  

Mi' 
EE 

H I  
LU 
H I  
L [i 

EE I' 
R t  

a€ I' 
E E  

I. 0 
H I  
L 11 
H I  

k=EP 
HE P 

I d  
H I  
F I= 
fi P. 

E F  IJ 
FIG 

0 .YO 0. 
0.93 0. 
0.96 0.35 
0.92 -0.16 
O.Jd 0.55 
5-92 - 0 . 2 6  
O"4R (1 . 
1.34 
1-30 0. 

0 . 
0.s9 
0.99 

0: 
-0.51 

1-00 0 .51  
1 - Gi) -0 I59 
1 ..jS 
1 . 1 2  

0.69 
0. 

1 -tJ7 
0.58 

0. 

1 .07  
- 0 . 3 5  

0.43 
1 - 0 3  -0.2 1 

EE 
HI 

B E P  
EF 
BF 
LO 

E E P  
BEP 

H I  
LO 

E E P  
BE 

8FP 
EE 

LO 
HI 
LO 
H I  

E EP 
HE 

DEP 
EE 

L O  
H I  
L O  

E EP 
OEP 

H I  
L U  
H I  

E E P  

LO 
E €  

H I  
L I1 

E E P  
RE 
EE 

HEP 
HI 

FF 

t F P  
!3R 

a E P  
H I  
LU 

LO 
H I  

t t P  
H I  

R E  
E€ 

ne 

n E P  

1.03 
Lo6 
.1.05 
1.00 
1 .oo 
0.97 
1.06 
LO6 

0.94 
1.19 

0.99 
1.31 
0.99 

0 . 9 5  
0.97 

1-01 

1.05 

'3.99 
1.03 

0.97 
0.9 1 
0.90 
0.97 
9.92 
1.01 

1.07 
1.01 

0.98 
1.04 

1.00 
1.04 

0.93 
0.97 
1.oc 
0.92 
1.01 
1.04 

0 . Y B  
G. 94 

0 . 9 B  
c.95 
0.94 

1.09 
1.09 

1.09 
1.02 
1.09 
1.06 
1-09 
1.07 

0.98 
I .04 

0.97 

0 . 9 7  

0 .  
&SO 

-0.14 
0 .  

-0. 77 
0 .  

0. 

0 -32 
-0.51 

0. 
0. 
0. 
0. 

-0.31 
0.56 

-0 -29 
0.55 
0.  
0. 
0. 
0. 

-0.54 
0 . 3 9  

-0.41 
0. 

G.55 
0. 

-C.48 
0.55 
0. 
0. 

-0.47 
0. 

0. 
c.59 

-0.40 
0- 

0 .  
0. 

0.19 (?. 
4 1 - 1 6  

0. 
0. 
0. 
C.51 

- @ . 6 3  

-C -29 
3 -69  

9 -40 
3. 
c. 
0. 

-0. 

Table 3. Heart Period i n  Seconds. 
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Table 4. Heart  Period in Seconds - 6 Points of Interest. 



PI 1 I S l l h C  EIIk I l l  04752020h010 . .  
rlbE r Y P k  J H P L  C U R  v 

421.0 F €  6.45 
473.0 h f P  

C .  
h.  10 

423 .  I HI 
i. 

b.di D.4d 
477.8 t E Y  
429.0 

5.47 0. 
4.58 

574.8 9.09 

577.A H t P  7. h 5  0. 
577.13 7.05 0. 

583.6 f .FP 4.24 I 
585.0 RE 

0. 
3.32 

705.0 

706 -6  
106.4 

717.4 
717.4 
718.0 
714.0 
855.0 
056 .4  
e59.7 
867.7 
867.7 
8hR.O 
8hS.C 
577.1: 
977.5 
578.4 
579.7 
9R1.1 
987.5 
9R4.7 
996. Q 

1 1  IC.0 
1 1 1 1 . 7  
1117.0 
1117.n 

0. 
0. 
G.45 
0 .  
0. 
0. 
ci . 
0. 
0. 
0. 
(1.47 
J. 
0. 
0. 
C. 
0. 

-c. 2 L  
0. 
3.55 

-13.62 
0.49 
0. 
L. 
0.  
0. 
0 .  , 

Table 5 .  

VAF(  3 

T Y P E  

EEP 
RE 
E t  
LO 

CEP 

EEP 
RF 
RE 
EE 

t3EP 
LC 
H I  

t E P  
HEP 
L E P  

9E 
E t  
L O  

B E P  
H I  

E € P  
hE 
E t  

HFP 
H I  
L O  
H I  

€ t P  
fik? 
E € P  

f lE  
E f  
LL) 

YtP 
H I  

F t P  

En 

kIN(;EH D U L S E  I N  PERCENT FULL QANCE 

AMPL C U K V  

3.49 0. 
3.33 0. 
5.bO 0. 
5.32 "3.05 
5.47 0. 
5.93 0.36 
5.72 0. 
5 . d 8  0. 
5 - 3 9  
7.71 0. 
7.05 0. 
0.57  -0.48 
6.90  3.52 
5.40 0. 
5.4c 0. 
4.27 0. 
3.5') 

10.51 5 .  

c 
V .  

n 
I .  

.J.59 -0.5'. 
9.76 I?. 
li.11 3.52 
b . 5 6  3. 
8.14 0 . 
0.55 5. 
9 . Y t: C' . 
1 .35 0.45 
c.57 -5.59 

1 

1 
L 
1 
1 
11.21 2.57 9. Sjt 

3.7ti 
3 . 2 ~  

9 - 5 6  
c .  
0 .  
0. 

9.95 
I?. 

9.b4 
0 .  

9.15 
-0.21 

. 0. 
12.01 'j .47 
9.05 n. 

T l Y E  

1775.8 
1781.6 
1783.0 
191R.P 
1919.1) 
1919.7 
192L7.7 
1920.9 
1923.3 

1924.8 
193C.6 

2068.11 
2069."' 
2 c 1 1 . 2  
ZC74.8 
21174.3 
2OH 1 .:> 
2C82.7 
2148..? 
219tI.rl  
21.39.S 
2190.2 
2 192.4 
2193.9 
2195.2 
2  195.4 
2197.0 
232z.o 
2323.B 
2323.9 
2326.1 
2 329. h 
2 329. h 
2335.6 
2337.P 

1924. a 

1932.5' 

Finger  Pulse  in  Percent  Full Range - Var. 3 

TYPE 

REP 
EEP 

BE 
E S  

BEP 
L O  
H I  

:1SE 
ESE 
EEP 
8 E P  
E F P  

HE 
€ E  

H I  
E E P  
dEP 
E E P  

B E  
F f  

:1 E * 
ti I 

LI! 
HI 
L 13 
H1 

S t P  
FIE 
F F  

DEP 
L!l 
tl I 

EEP 
R F P  
E E P  

RE 

n E P  

AMPL 

9.05 
4.22 
3.57 
8.63 
7.92 
7.62 

7.95 
9.09 

7.80 
6.52 
6.52 
3.95 
3.31 
6.81 
6.  66 
7.40 
6.55 
6.55 
3.5-1 

1Q. e9 
3.75 

11.23 
19.71 
10. c?9 
13.69 
10.02 
11.?7 
lG. 20 

7. I 4  
10.49 
9.06 
9.91 

1 1 - 2 7  
10.18 
In. 19 

4.92 
4 - 4 6  

PAGE 4 

CURV 

0. 
0. 
0 .  
0. 
0. 

-0.41 
0.26 @. I). 
0 .  I). 
0 .  
n. 

0.  
0. 
0.26 
0. 
0 .  
0 .  
9. I?. 
0.58 
0.  

-0 .50 
0.48 

-0.55 
0.49 
9. 
0. 
9. 

-0.34 
Q. 

0.61 
0. 
0 .  
n. 
0. 



El\[l t F ' u C h  S i 7 . h  
A T  T I M E  5 7 2  .') 
A T  T 1 P t  5 7 7 . d  
A T  T I M E  574 .3  
A T  TlPk 577.d 
s r m  C ~ E V  I ! .  7 5  

t F L L t  3 

11 \11  A M P  I N C K t M E N l  CJUKATIUh SLOPE CJR v LITFYCY P Y ~ C  ~ D I F T  
F I N S 1  I N 1  EkVPL l . 6 3  -3.4u 5 .u -0.59 
L b S 1  I A T t H V P L  

!?. 
4.24 0 .  0 .  0. 5.4 

Table 6 .  Finger  Pulse  in  Percent  Full Range - 3 Points of Interest .  



r 

5 7 1 . 0   F E  -8.16. 0. r 5 7 1 . 0   h F P  -7. 7n‘ 0.  
577.4 
574.4  
5 7 5 . 8  

5 7 7 . 8  
57P .4 
581.0 
58?. b 

5 7 7 . n  

Et- 

€R 
F F P  
RF P 

RH 
tI I 
F F  

fin 
-7.64 
-7.b3 
-9.85 

-10.14 
-10.14 
- 1 3 . 1 5  
-11.33 

- S  . i .5 

-0.62 
G. I 

5.63 
0. 
0. 
0. 
0.55 

-C.62 ~ ~~ 

I 583.6 kEP -6.53 0. 
5R5.0  R F  -Y.6? 0. 
7 0 5 . 0  
1Gh.1 
7 0 6 .  h 
708.8 
712 .4  
7 1 1 . 4  
715.4  
71h.G 
71A.O 
7 1 8 . 0  

R55.O 
856.4 
RS5.O 
Bh7.2 
8 h 7 . 2  
064.6 
866.  c 
RhR.0 

4 7 7 . c  

719.0 

8hC.o 

9 7 n . 4  

- 7 . 6 3  
-H. 44 

- n . 7 2  
-3.4s 

-12.14 
-11.14 
-14.21 
- 1  3 .10  
-13.2’1 
- 1 3 . 2 9  
-14.16 

-h.flO 
- b . i 2  
-6.85 
-5.33 
-9. ? J  

-11.33 
-13.33 
-11.14 
- 1  1 . 5 7  

-6.20 
- I . c.1 7 

0. 
0.32 
C. 
0.  
0. 
0. 
s.59 

-3.49 
0. 
3 .  cj. 
7 .  
2. 
3. 
0. 
0. 
G. 53 

-9.45 
0. 
0. 
0. 
0. 

V A R  1 2  S K I N  P O T F N T I A L  I N  M I L L I V O L T S  

r l M E  

985.0 
902.0 
984.2 
Yd6.0 

111c.I) 
1111.2 
1113.4 
1117.3 
1 1 1 7 . 0  
1123.0 
11?2.3 
1122.d 
1124.3 
1z30.0 
1231.4 
1237.0 
1237.2 
1239.0 

1365.4 
135’+ .0  

1325.6 
13id.i 
1373.b 
1371.2 
1371.2 
1373.5 
1377.0 
137ti.0 
1494.0 
1435.d 
1488.6 
1491.6 
1493.0 
1635.0 
1636.0 

1641.0 
1641.8 

1638. a 

1647.0 

TYPE AMPL 

RR - 7 . 7 8  
El( -9.85 

EEP -9.95 
RE - 10.80 
EE -2.50 

BEP -2.50 

EEP -6.01 
8 EP 
E R  

-6 .01  

RR 
t E P  

-9.3R 

BE 
- 10.42 

tt 
- 1  1.09 

- 3 . 1 5  
BEP 

RR 
-2.96 
-4.J6 

EEP -4.25 
H E  -5  .16 
E E  - 1 . 2 3  

8 EP -1.55 
EK I -1.67 
BR -2.14 
ER 

t E P  
-4.43 

HEP 
-4.43 

9R 
-4.43 

EEP 
-4.70 
-9.10 

RE -9.76 . 
t€ 

BEP 
-1.32 
-1.00 

EEP 
-1.77 

R E  
-3.33 

EE 
-3.19 

BEP 
-0.78 
-0.87 

8R 
EEP 

-1.14 

BEP 
-3.15 

EFP 
-3.15 
-9.10 

13 n - 2 . b O  

-n.91 

n K  

cunv 

0 .  
0.30 
0 .  
0. 
0 .  
0 .  
C .  
0. 
0. 
0.52 
0. 
c. 
0. 
9. 
0. 
0. 
0. 
0. 
0.  
0 . 
0.29 
0. 
0.55 
0. 
0. 
0. 
0.  
0. 
C .  
0 .  
0 .  
c. 
0. 
0 .  
0. 
0. 
0. 
0 .  
C. 

T I M E  

1649.0 
1769.0 
1770.0 
1773.2 
1775.8 
1775. R 
1781.6 
1783.0 
1918.0 
1919.3 
1920.8 
1921.8 
1922.6 
1923.0 
1924.9 
1924.0 
1925.4 
193C.6 
1932.0 
2068.3 

2072.4 
2069.0 

2074. H 
2C  74.3 

2CtJ2.0 
21Yri.P 
2189.6 
2192.4 
2193.8 
2195.4 
2197.0 
7322.0 
2323.0 
2326.4 
2329.6 
2329.6 
2335.6 
2337.0 

2081.0 

TYPE 

RE 
E€ 

d F P  
BR 

EEP 

EEP 
RE 
EE 

REP 
9 S E  

HR 
ER 

ESE 
F € P  
3EP 

9R 
EEP 

H F  
EE 

YEP 
RR 

E ED 
3EP 
E F P  

?E 
EE 

dEP 
R R  
E 9  

EEP 
BE 
EF 

3EP 
BR 

EEP 
REP 
EEP 

9E 

n E P  

AnPL 

-10.99 
-1.41 
-1.32 
-1.87 
-3.33 
-3.33 
-8.34 
-9.71. - 
-2 .  h4 
-2.60 
-2.41 
-3.10 
-1.65 
-4. Pr, 
- 3 . 9 3  
-3.93 
-4.11 
-7.41 
-8.20 
-1.68 
-1.9h 
-2.05 
- 3 . 0 5  
-3.95 
-7.97 
-8.72 
-3.05 
-2.07 
- 3 . 5 1  

. -4.06 
-4.11 
-4.16 

9.31 
@.35 

-9.01 
-1.87 
-1.87 
-7.22 
-7.59 
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C IJRV 

0. 
0. 
6. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0 .  
0. 
9.50 
0 .  
0 .  
0 .  
0. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 

0. 
0.  
0. 

0.43 
0. 

9. 
0.  
0. 
0. 
0 .  
0 .  
0. 
n. 
7. 

n. 

Table 7. Skin Potential in Millivolts - Var.  12. 



r ' E G  t P U C h  572.c E h D   E P O C H  577.8 
tJEt i  A k P  -7.7b 
t h l ;  UMF -10.14 
MAX A M P  
N l h  A M P  -IC. 14 

A T  T I M E  572.0. 
A T  T I R E  577.8 

-7.64 A T  T I M  572.4 
A T  TlCt 577.8 

C t A N  A H P  -&.b!I S T A N  DEV 1 24 

D U R A T I O N  5.R 

3 I s z  

b t i r  EPULh 5 7 7 . b  t k ' l  E P l l C h  583.6 
CIEU A K C  -10.14 A T  T I M E  577.8 
t h U  A P P  - 6 . 5 3  A 1  T I M E  583.6 
C.AX A P P  -d.  5 3  A T  T I M E  583.6 
P l N  A F P  -12.33 A T  T I M E  581.0 
C t   A h  A M P  -10.31 S T A h  GEV 1.6Y 

9 U R A T  I O N  5.H 

"" 

-1J .14  -G -05 0 - 6  -0.08 0. 

REsPLnst I -IC. l Y  -2.14 2.6 -0.82 0.55 
CctSPChSt i -12.33 3 . 3 3  ' 1.6 2.08 -0.62 

0 . 6  n. 
3 . 7  n. 

U S 1  I h l E K V b L  "I .uG 0.47 1 .o 0.47 4.9 

Table 8. Skin  Potential in  Millivolts - 3 Points of Interest. 



4 
W 

P I  I ISTIhG FOR I l l  3475ZC?ChOIC 

1 l M E  l l P E  A.rlPL  CUHV 

4 2 1 . 0  E F  
423.0 REP 14.9d 
471.8 F E ?  74.9d 

70 .q )  
24.L3 

577.8 E€? ?4.43 
74.32 

577.R R E P  7 4 . 4 )  
579.0 €St= 
587.6 € E P  

?%.SI i. 
76. ..o 

584.0 H l i  ?; . I .*  3 .  

?4.'Jd 0 .  
0.  
3 .  

419.0 I3t ?G.CI 3 .  

5dS.O 
135.0 
706.6 
711 -0 
7 1  1.0 
717.4 
7 1 ? . 4  
713.0 
71 3.0 
715.0 
7 l b . 0  
7IP.O 
719.0 
855.0 
8 5 6 . 4  
86 1 .C 
861 .I! 
867.2 
el57.7 

863.C 
863.0 

HF 

HF P 
HA 

R S E  
CE P 
R t P  
E .it 

H I  
1: F 
II H 

E l i  P 
dl- 
E t  

HFP 
HH 

Fi iP  
H 5 E 

R E P  
f S t  

H I  

$F 
95. ? I  
2 5.74 
?5.1LI 
70.1 3 
? b .  1 3  
5 2 - 1 6  
59. Ib  
70.44 
73 .'e4 
7 1 . L l  
? S .  17 
?5.77 
75 .46  

23 .Sh  
2 r . g :  

24.4c 
?4.4[)  
?9. 6 0  
39 . (;0 
12.44 
?2.94 

3 . .I. .,. 
'J _. 
\l . 
U. 

r .  50  
- ,3 . 6 '3 

0 .  
5. 
2 .  
5. Ir. 
C .  
C. 
e. 
0 . 
c. 
c;. 50 

4'. 

1 1 1 7 . U  
I 1  16.0 
11ZZ.d 
1123 .u  
I l L 4 . . l  

1231 .4  
1 j c J  . 3 

1.237.: 

1231.0 
1 L 3 d . G  

1 3 ~ 4 . 3  
1365 .4  
1370.0 
1371.2 
1371 .2  
1 3 7 2 .  
1371 .3  
1377.3 '  
13711.d 
1434.L) 
14d5.d 

MUSCLE TENSION IN HICHOVOLTS 

AHPL  CURV T I M E  

25 .63  -0.50 1491.6 
24.61 0 .  1493.0 
24.61 n. 1635 .3  
9 3 . 9 b  0 .  1636.0 
24.Y 1 0 .  1641 .n  

2s .3  7 C. 1641.Y 
7 3 . U d  n. 1 6 4 3 . 3  
22.4q n. 1647.9 
23.2.' !. 
24.25 

1h48.O 
7 .  1649.': 

Z,.Y9 n. 1759.17 

. 24.16 0 .  1641.9 

2 3 . 3 8  
23.44 
24.25 
24.15 
79 .03  
14 .32  
24 .  I t?  
23.d3 
25.56  
3 0 .  d 4  

24 .61  
24 .31  
2 3 . 9 h  
73 .96  
23 .29  
23.29 
7 3 . 2 s  
75.39 
25.05 
23.37 

2 4 . a 3  

0. 
P. 
c. 
SI . 
c .  
C .  
c . 
0 .  I). 
n. 

0. 
6 . 
0 .  
0 .  

c .  
0 .  
0 .  
0. 
9. 
a. 

r. 

177n.n 
1775.C 
1775.Y 
1775.R 
254?I.C: 
2069.C 
2074.q 
2 c  74. R 
' 0 7 4 . t i  
Z07h.3 
2CY1.C  
2C3l.C 
2?32.1? 
21!3B.r 
219Y .h  
2 195.4 
2197 .0  
2 3 2 2 .  c 
2323.8 
2328 .9  

TYPE 

FEP 
I3 E 
E F  

H EP 
YSE 
P E P  

€ S t  
l iEP  

F I P  
BK 
'3 E 

HEY 
CF 

n E 

flFP 
EFP 

F F  
r!ED 

O S €  
EEP 
9 E P 
F S F  

il K 
EEP 

HE 
fE 

U F O  
E E P  

H f .  

BEP 
EE 

BE 

AMPL 

23.88 
23.44 
24.91 
22.70 
23.37 
73.37 

23.59 
24.hl  
24.83 
51.49 
7 3 . 1 4  
23.44 
24.18 
24.19 
74. I A  

25.34 
25.05 

75.49 
26.21 
26.21 
27.35 
27.49 
27.49 
92.94 
23.74 
24.91 
25.34 

.25.34 
23 .  L4 
23.51 
23.14 

2 3 . 3 7  

P 4 C E  6 

CURV 

0. 
0.  
3. 
0 .  
0. 
0. 
n. 
n. 

0. 
0. 
0. r). 
0. 
0. r?. 
5 .  c). 
9. 
9. 
3. 
3. 
0. I). 
n. 
9. 
0. 
0. 
0. 
0. 
0. 
9. 

n. 

Table 9 .  Muscle Tension i n  Microvolts. 



c t Z  tPLL i -  5 I L . l -  EhD E P U C h  5 7 7 . 8  

L A C   AI",^ 24.41; A T  T I M E  5 7 7 . 0  
P A X  A M I .  24.41) A T  T I M E  577 .8  
P I &  A h P  2r.C3 A T  T l K E  5 7 2 . 0  
F. - tAi \ .  APIP 24 .25  SlAk 'LEV 0 . 1 9  

L t b  L N P  2 4 . C 3  A 1  T I M E  572 .0  
Q U R A T I O N  5.A 

13.8 PFR C F N T  SHflRT F R I T  

C U R V  L A T F Y C Y   P Q F C   n Q 1 F 1  
9. 
5.9 

t . t u  t P c r i t -  577.b E N J  EPOCH 5 8 3 . h  
l l C "  UtJP L 4 . . t C  A 1  T I P C  S77.8 
thti A M t .  2 5 . 0 0  A T  rlirlt 5 6 3 . 6  
b il h A b  t '  L 6 . d b  A 1  T l M t  5 6 3 . 6  
Y l h  AP!+ 2 4 . 4 C  A T  T l M t  577 .0  
F t P h  APIG L e .  34  STAN O t V  2 . 4 3  

20 .7  P t 9  C F N T  S H f l P T  F n I T  

C U R V  L 4 T E N C Y  P R F C  f lQ I F T  
p.  
5.4 

Table 10. Muscle  Tension  in  Microvolts - 3 Points of Interest. 



7 C S . O  
706.6 
7 1  I .J 
71?.4 
712 .4  
71r1.0 
719.0 
855.0 
856.4 
860.0 
867.2  
8 6 7 . 1  
8 6 R . O  
869.0 
577.0 
970 .4  
987.0 
FR4.0  

SRh.0 
I l l Q . 0  
1 l 1 , L . Z  
I 1  l1 . i - l  

9 ~ 4 . 7  

HE P 
P S E  
FSF 
E F P  

k t  
EkP 

H I  

H i  

n. 
3 .  
9. 
c. 
i! . 
I). (! . 
0 .  
0. 
o . 
0. 
c. 

'L . 
h ". 
\I . 

.'t I, t. 

.oo C. 
5 1 ~  n. 

.5h C. .I, I 0 .  . '1 't 3 . 

. 3 >  J. 
0.25 

V A A  27 

I r n t  

1112.0 
I 1  14.5 
1 1  14.0 
1117.0 
1117.1) 
11zz.0 
1172.d 
1124.3 
I I 2 ' t . O  
1230.3 
1 2 3 1 . 4  
1237.2 
1239.0 
1 3 t 4 . G  
1 3 6 > . 4  
1309.3 

1371.2 
1371.2  

I 3  77.0 
137n.0 
14.J4.0 
141i3.d 
1491.0 
1433.3 
1635.0 
l o 3 o . u  
l o 4 1 . n  
I b 4 1 . U  
1 0 4 4 . , !  
1 ~ 4 7 . 6  
I S 4 Y  .'I 
17SY.0 
1773. I 
1715 .3  

T Y P E  

8SE 
t SE 

L O  
E E P  
3 E P  
GSE 
E E P  
k SF 

t!E 

t i E P  
S E  

E k P  
d E  
EE 

CL E P 
BK 

B E P  
E E P  

E EP 
dE 
€E 

REP 
E E P  

3E 
f E  

H E P  
E C P  
B E P  
dH 

E E P  
t3E 
E €  

EEP 
R E P  

SKIN CCIUOLLTANCE I N  M I C R O Y H I I S  

A M P L  CURV T I M E  

3.40 0 .  1775.H 
3.34 I) . 1777.0 
3.34 -r? .49 1781.6 
3.41 C. 1783.0 
3.41 0. 1918.3 
3.01 C. 1919.9 
3.61 0 .  1920.? 
3-61! 0. 1923.r) 
3.b0 0. 1924.R 
3.25 0 .  1924. A 
3.2b 0 .  1927.C 
3.29 ?. 1930.6 
3.3L c. 1932.C 
3.16 c .  Z C b l l . 0  
3 . l h  0 .  2C59.3 
3.20 0. 2c74.n 
3.26 e .  2@74.9 
3.26 I1 . 2 ~ 7 6 . 0  
3.42 s . 2@81.!! 
3 . 4 3  0. zt,sz.cl 
3.07 0 .  
3.0Y 

2188.0 
0. 21t19.6 

3.14 c. 7192.0 
3.15 7. 2192.0 
3.03 0. 2194.0 
3.02 C .  2195.4 
3 .02  c. 2197.C 
3.02 0. 2322.e 
3.08 0. 2323. A 
3.28 0. 2329.6 
3.34 0. 2 329.6 

3.04 
' 3 .Q3  0. 2331." 

c. 2335.6 
3.@b C. 2337.C 

T Y P E  

t l E P  

E E P  
RR 

R E  
F E  

REP 
11s E 
ESF 

R E P  
F E P  

RH 
E € P  

r3F 
E E  

9 E P  
E E P  
9 E P  

SR 
ECP 

O E  
E E  

R € P  
HI 

9 S E  
€SF 
EkP 
nE 
€E 

4EP 
E E P  
4 E P  

t3R 
E E P  

9E  

AMPL 

3.06 
3.08 
3.25 
3.29 
3.07 
3.07 
3.07 
3.07 
3.11 
3.11 
3.11 
3.21 

2.8R 
3.26 

2.39 
2.91 
2.91 
2.92 
3.13 
3.21 
2.91 
2.90 
2.9R 
2.99 
2.90 
2.89 
2.91 
2.92 

2.82 
2 . R Z  
2.86 
3.37 
3.c9  

2 . 7 8  
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CURV 

0. 
0. 
0. 
6. 
0. I). 
0 .  
0. 
b. 
0. 
6. 
n. 
0. 
n. 
0. 
0. 
0. 
Q. 
0.  
0. 
n. 
0. 
9.03 
0. 
0 .  
9. 
6. 
0. I). 
0 .  
9. 
0.  
0. 
0. 

Table 11. Skin Conductance in  Micromhos. 



b t u  t P d i n  5 7 2 . 1  Eh3 tPl lCh 5 7 7 . 0  
B t C ;  A M P  j . t l  A T   T I M E  5 7 2 . 0  
thl: A M I '  3.  b b  A T   T I M E  577.0 
t . J A  A P P  3.tt A I  T I M E  577.8, 
~ V l h  ANP 3.61 A T  T I M E  572.0 
Ir.trrh AYlP 3 . 0 3  S T A N  DEV 0.03 

13b.L t'1-N C t h l  ULLL, U A I A  I). P E d  L t N T  LLJhi; E O l T  

CUR V 

C U R  V L A T F N C Y   P R E C   9 R I F T  
7. 
5.8 

Table 12. Skin  Conductance  in  Micromhos - 3 Points of Interest. 
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.i 
*: The following  formula is used to   convert   data   logger   uni ts   to   physiological   uni ts :  Y = A + BX + CX2 + DX3 

Conversion of Data Logger Units  to  Physiological  Values - 
F - 
m m 
D 

where X = Data Logger Units  (range 0 t o  4095 f o r  2 10   vo l t s )  

I 
VI and Y = Physiological  Units.  

7 
CI 

The conversion  values   for   each  var iable  are as follows: 
tJ 
tJ 
Iu 
Iu 

A B 

Heart Period  (seconds) - -. 11063 +.000542299 - 
C D 

Finger  Pulse  Amplitude 
(Z to ta l   range)  r - 2.03070  +.004868120 

Finger   Skin  Potent ia l  (MV) = 48.5797 -. 031005  -.0000057979 +~00000000013476 

Integrated Muscle P o t e n t i a l  
(PV) i -66.842 +. 132097  -.000039165  +.0000000048841 

4 
4 Smoothed GSR (pmhos) = 5.17890 +.004039820  +.000000449881 

Conversion of Voltage Changes as Recorded on the  Polygraph  to Changes in   Physiological   Units  

By means of the  fol lowing  re la t ionships  i t  is possible   to   determine  the amount of  change i n  physiological   var iables  
from the   f luc tua t ions   in   vo l tage   recorded  on the  polygraph. 

Heart Period Change (10 mil. sec.). = .039 inch. 

Finger  Pulse  Amplitude Change (.01% to ta l   range)  = .00294 inch. 

Finger   Potent ia l  Change (.01 MV) = .00067 inch. 

Integrated Muscle P o t e n t i a l  Change ( .01 uV) = .0002 inch. 

Smoothed GSR (.01 mhos) = .00488  inch. 

Table   13 


